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CUTTING TORCHES 
AND TIPS 


| hi a Vt\ ... because he can always count on Victor to fill his needs. Shown here 


is one of Victor's new LPCG series .. . available for both hand and ma- 
chine cutting with new natural and propane preheat gas cutting tips. 


Remember, Victor torches perform best when you use genuine Victor 
cutting tips. Order from your Victor dealer now and cut your costs 
with Victor cutting tips. 


VICTOR EQUIPMEN] COMPANY 


i 
* q Mfrs. of welding & cutting equipment; high pressure and large volume gas regulators; hardfac- 

x ing rods, blasting nozzles; cobalt & tungsten castings; straightline and shape cutting machines. 


844 Folsom St., San Francisco 7 - 3821 Santa Fe Avenue, Los Angeles 58 
1145 E. 76th St., Chicago 19 


J. C. Menzies & Co., Wholly-Owned Subsidiary 
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“For fast, X-ray sound welds, we used 


sections of 208-foot long rigid frames 
for the University of Tennessee Field 


House above,” says William E. (Bill) Smiddy, 


Erection Superintendent for Crane and 
Truck Service, Alcoa, Tennessee 


Photo shows seven of nine arc welded rigid frames in 
place for the new University of Tennessee Armory and 
Field House. The eighth frame is being assembled on the 
ground in back of the bulldozer. After the seven shop 
fabricated sections were joined with Hobart No. 10 elec- 
trodes and every weld joint X-rayed, the 5714 ton rigid 
frame unit was lifted into place by four 30 ton motor 
cranes. Considerable time and money was saved by 
assembling, welding and X-raying each rigid frame on 
the ground and erecting it as a unit 

The roof frame of this clear span structure is just as 
clean cut as the floor frame; no trusses, no bracing to 
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300 Amp Gas Drive 250 Amp ‘‘Contractor’'s 250 Amp ‘‘Big Brother" 


Hobart No. 10 welding electrodes to join 


FOR SPEED AND STRENGTH, prominent builders 
depend on HOBART No. 10 ELECTRODES 


clutter up the graceful outline of the structure and, con- 
sequently, no obstruction to light or the spectator’s view 
of the performance. Size of the framework for the build- 
ing is 220 feet long and 208 feet wide. Height of frame- 
work at center is 64 feet. The building, when completed, 
will have 7,000 permanent and 3,000 temporary seats 

Seven shaped beam and column sections for each rigid 


frame were fabricated in the shops of Tucker Steel Corp., 
Knoxville, Tenn., and trucked to the job site. The bulk 


of the work was done at the fabricating shop for speed 
and economy. 
Erection time for the framework was 63 days. Six 


welding operators used over 214, tons of Hobart No. 10 
electrodes to make the field splices. Current was supplied 
by six 300 ampere portable gasoline engine driven 
welders. Every welded joint was X-rayed by Pittsburgh 
Testing Laboratory sirming n, Alabama. 

For faster welding where X-ray sound welds are a 
must, specify Hobart No. 10.electrodes. They tested bet- 
ter than other makes for this job and they will test better 
for yours. Try them. HOBART BROTHERS CO., BOX 
WJ-68, TROY, OHIO, Phone FEderai 2-1223. 


HOBART BROTHERS CO., Box WJ-68, TROY, OHIO 


0) Yes, I would like to (J Send me more information 
try samples of Hobart on: —_.. amp capacity 
No. 10 electrode size _ . gas drive 
“Contractors Special’’ 
“Big Brother’ 
Name 


Firm 


City Zone State 


__ Send complete catalog on 
O) Are Welding Electrodes [] Machines 
(0 Send free copy of ‘“‘Weldors Vest Pocket Guide” 


———--CLIP THIS HANDY COUPON ... MAIL TODAY! 
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Would you like answers to questions such as these? 


what is gas and how does it behave 

how do gases mix ina torch 

what are the more important flame 
temperatures 

which is hotter — the oxydizing or carbon- 
izing flame 

why do some flames heat rapidly and others 
slowly 

can you guess the speed of a gas molecule 


Would you like to see full color pictures of seven 
different flame types? 


The answers to these questions are but a sample of 
the interesting information this booklet brings to 


you. 
Do write now for your FREE copy. 


NATIONAL WELDING EQUIPMENT CO. 
218 Fremont Street, San Francisco 5, Calif. 


Please send FREE booklet ‘‘you don't need an egg 
beater to mix gases"’ 

NAME 

POSITION 

ADDRESS 


CITY ZONE STATE 


Please print to make sure you receive your copy. 
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Control heat input when welding (is8)"T-1" Steel 


USS “T-1" Steel is unlike many structural carbon 
and alloy steels—steels which require preheating before 
welding to ensure desirable microstructure in the heat- 
affected zone. Extensive experience over the years with 
fabricators of this constructional alloy steel has dem- 
onstrated that preheating is not generally necessary. 
Without it, either low carbon martensite or bainite is 
formed and these are microstructures of more than 
adequate toughness. With ““T-1’’* Steel, any process 
which tends to diminish the quenching capacity of the 
base metal, such as preheating or excessive heat input 
during welding, is likely to reduce the after-weld cooling 
rate so much as to form undesirable microstructures. 
There are cases, however, when preheating is rec- 
ommended. These may occur when welding involves 
one or more of the following factors: high restraint, 
moisture on the steel, electrodes not low enough in 
moisture content, and low-ductility weld metal. In the 
case of high restraint, for example, preheating can re- 
duce the cooling rate of highly restrained, high-strength 
weld metal so that microfissuring does not develop. But 
it is essential to control heat input and preheat to within 
safe limits or loss of toughness in the heat-affected zone 
is likely. 

The accompanying table suggests limits for heat 
input and preheat. These limits are based on published 
results of laboratory studies conducted at Rensselaer 
Polytechnic Institute using Charpy V-notch impact 
specimens of ‘“T-1”’ Steel. In compiling the table, heat 
inputs were arbitrarily selected so that a toughness 
level of 10 ft-lbs at minus 50°F would be obtained. 
These heat input limits can be relaxed or made more 
Amps x Arc Volts x 60 
Speed (Inches per min.) 


HEAT INPUT (Watt-seconds/inch) or (Joules/inch) — 


Suggested maximum heat input for welding USS ‘‘T-1" Steel 
Values in Watt-seconds /inch 


Preheat and Plate Thickness 
interpass 
70°F 36 000 | 70,000 121,000 any | any any any 
200°F | 29,000 | 56,000 | 99,000 | 173,000 any any any 
300°F 24,000 | 47,000 82,000 126,000 175,000 any any 
350°F 21,500 | 43,500 13,500 109,500 151,000 any any 
400°F 19,000 | 40,000 | 65,000 | 93,000 | 127,000 | 165,000 | any 


restrictive whenever less or greater toughness is desired. 
Heat input, expressed as Watt-seconds/inch (Joules 
inch) can be computed from a simple formula that 
relates current, voltage, and electrode travel speed. 
To illustrate the use of the table, assume that a 
multiple-pass buttweld is to be made in a %-inch-thick 
plate and no preheating is to be done. The welding 
conditions selected for the first pass might be 220 
amperes, 24 volts, and 5 inches per minute. Substituting 
these values in the formula, a heat input of 63,360 
Watt-seconds/inch is obtained. This input would be 
tolerable since it is below the 70,000 maximum in the 
table. If by the time the next pass is to be made, the 
joint has cooled to ambient temperature, the same weld- 
ing conditions could be used for subsequent passes. If, 
however, the joint were short and the welding heat 
accumulates in the plate to such an extent that the 
interpass temperature exceeds 200°F, the same condi- 
tions should not be used; either current or speed should 
be varied so that the heat input does not exceed the 
56,000 Watt-seconds per inch shown in the table. The 
same precautions should be applied to all subsequent 
passes. 
it will be noted that only in the relatively thin plates 
are the limits restrictive; in the thick plates, the limits 
present no hardship 

The values given in the table are applicable to manual 
metal-arc welding with a covered electrode and to 
automatic submerged-are welding. Despite the use of a 
high current for automatic submerged-arc welding, the 
heat input is often less than that normal for manual 
welding owing to the greater speed of the automatic 
process. On the other hand, semi-automatic submerged- 
arc welding may have to be controlled more carefully 
because of lesser and non-uniform speed. 


Write for complete information about the appli- 
cation and fabrication of USS* ‘“T-1’’ Steel. United States 
Steel, Room 5604, 525 William Penn Place, Pittsburgh 
30, Pennsylvania. 


United States Stee! Corporation — Pittsburgh 
Columbie-Geneva Steel — San Francisco 
Tennessee Coal & Iron — Fairfield, Alabama 
United States Stee! Supply — Stee! Service Centers 
United States Stee! Export Company 


oe. United States Steel 
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Here’s a NEW WELDING TORCH that’s 
WATERTIGHT... buitt tor HEAVY-DUTY SERVICE 
... yet weighs only OUNCES! 


This new Heviarc HW-18 Hand Welding Torch weighs 
only 7 ounces, making it easy for you to handle, less 
tiring. The special one-piece water cooling channel elimi- 
nates sources of leakage. And it’s made for rugged. heavy- 
duty service. 


YOU GET BETTER SHIELDING 
WITH LESS GAS 


Improved design of collet body and 
closer electrode fit assure uniform ar- 
gon flow. without jetting or turbulence. 


GIVES YOU RUGGED SERVICE 
Torch body is Fiberglas-reinforced phe- 
nolic for greater resistance to heat and 
thermal shock. Handle is tough, pol- 
ished plastic. Gas cups have 4 times the 
impact strength of ordinary cups. 


LEAKPROOF 

Molded, one-piece water cooling pas- 
sage has no joints to permit leakage — 
no water drip to contaminate welds. 


q Diagram shows leak- 
proof, one-piece water 


EASY, MORE ECONOMICAL 
MAINTENANCE 

Collets, collet bodies. cups and caps are 
interchangeable with those of your HW- 
17 Series 2 Torch. All couplings have 
standard IAA connections. and adap- 
tors are included. Your production costs 
are lowered, too, for the new HW-18 
saves time in hard-to-reach spots. Torch 
is designed for continuous 300-amp 
service, a-c or d-c. 


cooling passage in 
LINDE’s new HELIARC 
HW-18 Hand Welding 
Torch. 


See and try this new HELIARC HW-18 Torch! For a 
demonstration, mail coupon today. Or call your dis- 
tributor or nearest LINDE office. LINDE COMPANY, 
Division of Union Carbide Corporation, 30 East 42nd 
Street. New York 17, N. Y. Offices in other principal 
cities. In Canada: Linde Company, Division of 
Union Carbide Canada Limited. 

Company, of ARGON SHUT-OFF VALVE 

‘ (Optional) saves time, steps and argon. 

| Please advise me where and when I can examine | 

i and try out the new HELIARC HW-18 Hand Weld- 

ing Torch. 

NAME 

! | FOR THE BEST IN 

| ELECTRIC WELDING 

| STREET | LOOK TO 


CITY ZONE STATE 


TRACE MARK 


The terms “Linde,” “Heliare.”” and “Union Carbide” are registered trade-marks of Union Carbide Corporation, 
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On its side, this 325 ton stamping press shows where fabri- 
cated steel legs are welded to the ductile iron base with Ni-Rod 


“55”. Using ductile iron in head and bed, designer was able to 
drop press height two feet, and cut dead weight considerably. 


Ductile iron welded to steel...with Ni-Rop"55’ electrode 
.»-Supports 325 tons under impact 


The bed of this stamping press is ductile iron. The 
legs are fabricated steel plate. 

Weldors at the Ferracute Machine Company 
join these sections easily with Ni-Rod “55”* elec- 
trodes. Get a weld strong enough to support the 
entire weight of the press—325 tons— under impact! 

They also use Ni-Rod “55” for head members 

welding ductile iron to cast iron. Here again — 
excellent results. The high nickel content of this 
electrode fuses well with cast iron... builds up a 
sound, crack-free deposit. What’s more, the weld 
area is soft enough for easy machining. 


INCO WELDING PRODUCTS 


electrodes + wires + fluxes 


Inco booklet gives helpful 
tips on welding cast iron 


“A Handy Guide. To Welding Cast Iron” covers 
the use of Ni-Rod “55” and Ni-Rod* for emergency 
repairs, production work, salvaging castings, repair- 
ing heavy sections and joining dissimilar ferrous 
metals. Booklet also gives complete technical data 
and tips on preparation. For your copy write: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
New York 5, N. Y. 


*Registered trademark 


67 Wall Street 
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FOREIGN LITERATURE ENLARGES OUR HORIZON 

The average American welding specialist, who reads the 
American welding magazines carefully every month, practically 
never sees even the outside cover of any of the foreign welding 
magazines and books. 

It is well known in science and engineering that we pay a 
heavy price if we neglect overseas’ achievements as reflected in the 
foreign technical press. This is true especially in welding. There 
are at least fifty foreign magazines devoted wholly or largely to 
welding. The average caliber of the articles in many of these is 
fully equal to the caliber of WeLpING JOURNAL papers. To ignore 
these publications is to miss contact with foreign welding specialists 
who may be able to teach us a great deal. 

Product design is one of the fields to which foreign magazines de- 
vote considerable space. Often the foreign equipment is basically 
the same as ours. Sometimes there are ingenious improvements in 
detail. And sometimes, too, the foreign equipment or welded 
product represents a new concept. Our designers and manufac- 
turers cannot afford to lose touch with welding progress abroad. 

Welding research is another field in which attention to foreign 
developments always is rewarding. Foreign research organiza- 
tions regularly assign a man or a team to projects that we have 
either not tackled or approached with different techniques. For 
example, a foreign group may have used oscilloscopes to study 
certain electrical phenomena in welding, where we may have relied 
on high-speed photography for the same purpose. It behooves 
us to study the results from abroad to enlarge and perhaps correct 
our views. 

Foreign welding literature is an effective introduction to the 
foreign welding market and to foreign patents and codes. It deals 
with these subjects as well as with practical welding techniques. 

Many of the contributors of articles to welding magazines 
beyond our shores have high competence in welding and are worth 
our attention. Most of us have not awakened to the existence of 
first-class foreign welding literature. A little time spent reading a 
few of the best foreign welding journals should quickly convince us 
of their value. 


Gerard E.Claussen 
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Only 304" high, the new Gold Star SRH combines com- 
pactness with the sensational improvements introduced by 
the Miller Gold Star line. These include wholly new trans- 
formers, completely sealed semimetoallic rectifiers and 
weld stabilized circuits. Where stacking or paralleling 
adaptability plus the finest de performance ever achieved 
is indicated, the Gold Star SRH is the unequaled answer. 
Available in three models with 60% duty cycle ratings of 
200, 300 and 400 amperes. 


GOLD 


STAR 
DC-SR 


The best welding current ever produced is delivered here. You get maximum 
arc stability for sounder, denser welds with all electrodes in all positions. 
And you get more of them in less time! This revolutionary performance com- 
ing from a machine of record-breaking dependability (see January welding 
magazines), has led industry and individuals to say of the Miller Gold Star 
SR-DC: ‘The SR gives perfect de welding current; Easiest arc starting — bar 
none; Smoothest arc | ever used, and quiet to boot.” 


Available in both duplex and single models with ampere range from 200 
to 1200. Complete complement of control equipment gives the Gold Star SR 
unlimited flexibility, plus milestone performance and unmatched dependability. 


miller Electric Bony, Inc. 


EXPORT OFFICE: 250 East S7th St., 


New York 19, N.Y 


in Conoda by Liquid Co 
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Fig. 1 View of structure after erection 


ENGINEERING PROBLEMS OF AN 


ALL-WELDED TWO-WAY TRUSS SYSTEM 


BY WAYNE TENG, JOHN A. SBAROUNIS AND MICHAEL P. GAUS 


Design, fabrication and erection of 
all-welded truss system for roof of Cadet 
Dining Hall at Air Force Academy 
presents several novel and 


interesting problems 


SYNOPSIS. The roof of the Cadet Dining Hall at the Air Force 
Academy, Colorado Springs, Colo., is a large span all-welded two- 
way truss system which covers an area 308 x 308 ft. The de- 
sign, fabrication and erection presented several novel and in- 
teresting problems. Since this was an indeterminate structure 
of unusual dimensions, a careful design analysis was required 
The welding details and procedure had to be such that continuity 
would be preserved in both directions without the introduction 


of undue residual stresses, accumulated shrinkage, ete. In order 


Wayne Teng is assistant chief structural engineer, and John A. Sbarounis 
s senior structural designer at Skidmore, Owings & Merrill, Chicago 
lil Michael P. Gaus is research associate in civil engineering, University 
of Illinois, Urbana, Ill., formerly senior structural designer, Skidmore 
Owings & Merrill, Chicago, Il 


Paper presented at AWS Annual Spring Meeting held in St. Louis, Mo., April 
14-18, 1958 
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to facilitate the work. the ontractor hose to assemble the struc- 


ture on the ground and subsequently raise it to its proper eleva- 
tion by the lift-slab method idapted | concrete construction 
Field observat 


procedures produced 


ions indicated that the construction 


techniques 


i finished structu which approximated 
very closely the idealized strueture issumed in the design 


analysis. 

Description of Structure 

The Cadet Dining Hall is one of seven major buildings 
to be constructed in the academic area of the United 
States Air Force Academy at Colorado Springs, Colo. 
The roof structure of the dining hall is a two-way truss 
system covering an area of 308 x 308 ft. Sixteen steel 
columns, arranged four to a side and set in 21 ft 0 in. 
from the edge of the structure, support the entire roof. 
Thus an unobstructed interior span of 266 x 266 ft is 
provided. 

The grid structure consists of 23 Warren trusses 
spaced at 14 ft 0 in. o.c. in each direction (Fig. 2). 
All connections, splices and intersections are welded to 
achieve continuity in both directions throughout the 


structure. The grid is symmetrical about the two 
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PLAN VIEW 
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ELEVATION 


Fig. 2 Plan view and elevation of roof structure 


The trusses are 8 ft 
A slope of '/, in. 


centerlines and two diagonals. 
6 in. deep along the four edges 
per ft in four directions was introduced in the top 
chord for roof drainage and at the same time to in- 
crease the depth at the center to 11 ft 8' sin. Thus the 
iverage depth to span ratio is '/s and the maximum 
The main considerations in arriving at these 

proportions were appearance combined with reasonable 
deflection and economy 

Load is transferred from the grid to the column by 
means of a framework hereinafter referred to as the 
column “capital ” Figure 3 shows an elevation of the 
column and several sections through the capital. The 
top of each capital is attached to the grid at four points. 
\ socket plate at the base of the capital rests on a 6-in. 
stainless-steel hemisphere which is affixed to the top of 
the column. The ball-and-socket joints permit free 
rotation of the grid and column capitals, without intro- 
ducing bending in the columns. The lower ends of the 
steel columns are rigidly fixed to large subpiers or mas- 
sive concrete columns. The ball-and-socket joints were 
waterproofed with 9-in. diam neoprene washers. 


Design Analysis 

Due to the high degree of redundancy and the lack 
of previous experience, the structure was analyzed by 
two different methods. It was felt that the use of the 
two different methods would eliminate any error in- 
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Fig. 3. Elevation of column and sections through column 
capital 


herent to either one and at the same time provide an 
independent check. 

The first method used was a method of consistent de 
flections. This method may be outlined as follows: at 
each intersection of two trusses there is a joint load ? 
equal to the uniform roof load multiplied by the tribu- 
If the loads 
at all the joints were divided equally between the inter- 


tary area, plus the weight of the trusses. 


secting trusses and the trusses were permitted to de- 
flect as free bodies independently of each other under 
these loads, the deflections of the two intersecting 
trusses at every joint would be unequal. However, in 
the case of a grid, the two intersecting trusses deflect 
equally at every joint. In order to make the deflec- 
tions equal, two unknown equal but opposite forces 
+K, are introduced at each joint. Therefore, the cor- 
rect panel loads for the two trusses at each intersection 
are ('/ P+ K,) and ('/. P — K,). 

Considering each truss as a free body, the deflections 
of all the panel points can be expressed in terms of the 
known loads and the unknown forces. This may be 
done by means of visual work or any equivalent method. 
If the deflections of the two intersecting trusses at 
each joint are equated, a set of simultaneous equations 
is derived with the same number of unknowns as the 
number of joints in the grid. The number of equations 
is reduced drastically if the structure and loads are 
symmetrical as in the case of the dining hall. The un- 
known forces are obtained by solving the simultaneous 
equations. After the correct panel loads ('/. P + K,) 
are found, the member stresses in the trusses are ob- 


tained. If the resulting member stresses do not match 
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NOTE: Deflections ore for dead load plus maximum uniform live lood 
Positive deflections are downward. Specified comber is equal 
to deflections shown but of opposite sign 


Fig. 4 Camber diagram 


the capacity of the assumed member sizes, new membe! 
sizes are selected and another analysis is performed. 
The preliminary work was reduced considerably by 
analyzing an equivalent coarse grid with a 42-ft truss 
spacing and by distributing the stresses to adjoining 
trusses, which had been omitted, in. proportion to their 
stiffness. As the work progressed, more trusses were 
introduced in their true location; thus, the accuracy 
of the solution progressed in stages 

After a satisfactory solution was reached by the 
method of consistent deflections, the structure was ana- 
lyzed by a second method. Since deflections due to 
shear are proportionally small, particularly for trusses 
of low depths to span ratios, the truss system was re- 
placed by an equivalent flexural grid. 

If an orthogonal anisotropic grid is referred to a 
cartesian set of coordinates X and Y, with the mem- 
bers running in the X and Y directions, the differential 
equation for the grid takes the form: 


(27. ) (27, dy ) p(x, 


where 


BE modulus of elasticity. 

ri moment of inertia in X direction. 
i. moment of inertia in Y direction. 
w deflection at any point. 

p(x, y) = intensity of loading at any point. 


\ solution of this differential equation is possible 
through the application of the finite difference pro- 
cedure, which reduces the problem to the solution of a 
system of linear simultaneous algebraic equations. 
When solved, the equations yield deflections at par- 
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Fig. 5 View of a lifting frame and a lower panel joint 


ticular points. Moments, shears, reactions and mem- 
ber stresses for the trusses in the grid are obtained from 
these deflections. One equation is required for each 
point on the grid at which the deflection is to be found 
Due to the large number of simultaneous equations 


in both analyses, a digital computer was used in their 


solution. The two solutions checked adequately. 


Column Design 
In addition to the vertical load from the roof (dead 
plus live load) and wind thrust, two other significant 
factors affected the design of the columns. An as- 
sumed temperature riation of 100° F produced u 
horizontal displaceme nt of over 1 in. at the top of the 
columns. The rotation of the grid at the supports 
introduced additional horizontal displacement. 

The columns were rigidly fixed at their base; there- 
fore, a compact section was indicated which would per- 
mit bending without overstress. The corner columns 
deflect almost equally in both directions; consequently, 


the section selected should have equal moments « 
inertia about both major axes The cross section 
ultimately chosen has the shape of two intersecting 
I’s. It meets all of the above requirements, is easy to 
fabricate and presents a slender uniform appearance. 
The external surfaces of the grid are insulated; thus, 
the temperature of the structure will not vary consider- 
ably from 70° F when the building is in service. 


Welding Details 

An all-welded structure was selected because of the 
several advantages associated with welded construction. 
Welded truss joints are compact; therefore, secondary 
stresses are kept toa minimum. The total weight of 
welded trusses is smaller than that of riveted or bolted 
trusses. This is a decided advantage in large spans. 
Continuity is more readily achieved with welded 
joints, especially in a grid system, where a number of 


567 


|_| 
an 
P 
ds 
le- 
vi 
ng 
in 
On 
he 
at 5 
ns 
he = 
ns 
ire : 
ag 
1 
ch 
| 
AL 


members intersect at each joint. Welded joints 
produced a flush surface on the upper chords; thus, a 
metal deck could be placed directly on them. 

The welding details played an important role in the 
selection of the types of cross sections for the truss 


members. Structural tees were chosen for the truss 
chords and angles for the web members. The tee 
sections eliminated the use of gusset plates in the 
majority of the joints. In addition, tees are easily 
spliced by butt welding whether or not the two mem- 
bers have the same proportions. It was also believed 
that tees were more suitable for connections in this 
case, since several horizontal and diagonal members 
converge at one joint (Fig. 5). 

As shown in Fig. 7, some trusses were fabricated in 
longer lengths in the shop (‘‘through trusses’) while 
others were only one bay (14 ft) long and had to be 
fitted and welded in the field (“interconnecting 
trusses” It was left to the discretion of the contractor 


Fig. 6 Typical truss details and connections 
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Fig. 7 Erection plan 
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as to the length and location of the “through” and 
“interconnecting trusses.” However, it was required 
that the flange of the tee in a “through truss’ should 
be at least as thick as the flanges of the abutting 
“interconnecting trusses.’ Figure 6 shows typical 
welding details of the ‘through trusses” and the “‘inter- 
connecting trusses.”’ 

Among the most critical considerations affecting the 
welding details were elimination of locked-in stresses 
and reduction to a minimum of accumulated shrinkage 
due to welding. The fabrication and erection pro- 
cedure was formulated with these in mind. The con- 
tractor chose to assemble and fabricate the entire 
structure at grade and raise it to the final elevation by 
the lift-slab method. 

Prior to welding, north-south and east-west base 
lines were established through the center of the struc- 
ture. The trusses were placed at their proper distance 
plus approximately |, in. from the base lines and at 
the correct camber. Welding was started at the center 
of the structure. Thus adjustment for shrinkage was 
made possible as welding proceeded outwards. The 
actual lengths of the various truss segments and the 
method of support during the assembly at grade are 
shown in Fig. 7. Figure 8 is a view through the 
structure showing the temporary blocking of the grid 
and typical welded connections. 

All sections and parts were rolled from Type II steel 
(ASTM Designation A-373) including the column and 
base plates. A total of 1150 tons of steel and 11,500 
lb of welding wire were used on the grid structure. A 
large number of welds were radiographed. 


Erection Procedure 

The erection of the grid structure was made in three 
stages: (1) assembly of trusses at grade and erection 
of columns; (2) raising the grid structure by the lift- 
slab method; and (3) installation of column capitals. 

All columns were erected free-standing at the same 
time as the grid trusses were assembled and welded on 
the ground. A 10-in. wide flange section was bolted to 
the top of each column to serve as a seat for the hy- 
draulie lifting jacks. Calculations indicated that the 
center columns take approximately twice as much load 
as the corner columns. Two lifting jacks were there- 
fore seated on each of the center columns and one on 
each corner column. 

The standard lift-slab method had to be modified 
slightly in raising the grid. The lifting force was 
applied to a frame of standard steel shapes through two 
threaded high-strength steel rods. This frame in 
turn picked up the grid at four panel points around each 
column (Fig. 5). The jacks have a 3-in. travel. At 
the end of each 3-in. lift, two nuts located on the 
threaded lifting rods were brought to bear on a sub- 
frame attached to the jacks while the piston was re- 
turned to its initial position. This operation was re- 
peated until the total desired lift was obtained through 
a series of 3-in. increments. All the jacks were operated 
from two control consoles. No one jack was permitted 
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Fig. 8 View through structure prior to lifting 


to lift more than '/, in. ahead or behind the other jacks 
at any time during the lifting operation 

The final lift brought the grid to a height 2 in. above 
Its final elevation. Two timber posts were lashed to 
each steel column and a pair of hydraulic jacks were 
placed on the posts to support the grid. The lifting 
jacks were then removed. Subsequently the column 
capitals were welded and the grid Was lowered fo 1ts 
final position Some difficulty Was anticipated due to 
thermal contraction since the structure was fabricated 
for an assumed temperature of 70° | and erected 
during cold weather The eontractor Was therefore 
required to pull the columns inward to fit the ball-and- 
socket detail. It is believed that there will be very 


little bending in the columns during the normal oper 


ation of the building at 70° F since the columns will 
return to their design location and remain plumb 
The erection procedure and all its details were worked 
out by the fabricator-erector, American Bridge Division 
of U.S Steel Corp. 
Camber and Stress Measurements 

Figure 4 shows the specified camber based on the 


calculated deflections under total load The elevation 


of the lower panel points was checked by precision 
survey immediately before and after the structure was 
lifted. <A plot of the results indicated that the speci- 
fied camber was correctly applied and that the maxi- 
mum deflection under the dead load of the steel was 
5'/oin. Figure 9 shows the camber and deflected line 
of a center truss and the point of maximum deflection. 
In addition to the deflection measurements, a limited 
number of stress measurements was made by means of 
a Whittemore gage at selected points on the lower 
chord (Fig. 2). Readings were taken in four locations 
at each point, one on each side of the stem and the 
flanges of the tee. The average axial stresses for the 


various points are tabulated below 


Points j al stress, ksi 
6.3 
2 7.0 
4 7.0 
| 7.3 
5 6.4 
6 
7 6.8 
Ss 5.5 


The weight of steel constitutes about 43° % of the total 
design load at the center of the roof, 33°% near the 
quarter points and 12°, along the edges No exact 
calculations have been made as of now to determine 
the exact stresses and deflections of the structure under 
its own weight, but, a comparison of these load ratios 
and the deflection and stress measurements indicate 
that the behavior of the truss-grid can be predicted 
by the design analysis. The design assumptions and 


the construction proce dure were proven satistactory. 


The construction of the U. 8. Air Force Academy is 
under the supervision Ol the Air Fores Academy Con- 
struction Agency, in Colorado Springs, Colo. The 
architectural and engineering design was done in the 
Chicago office © of Skidmore Owings & Merrill, 
J. O. Merrill, partner in charge, Walter Netsch, 
Jr., chief of design, Jack Train, chief of production, 
and Andrew J. Brown, chief structural engineer 

Messrs. C. L. Tyler and E. A. Merrill are general 
manager and director of engineering for the Colorado 
Springs office of Skidmore, Owings & Merrill with 
L. B. Carnahan acting as resident engineer. The 


photographs were supplied by H. La Plant 


ORIGINAL CAMBER LINE 


ELEV. OF LOWER PANEL POINTS 


UNDER WEIGHT OF TRUSS 


Fig. 9 Camber and deflection lines of the center trusses 
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—_ Fig. 1 Rocker-arm spot 
welder—9200 Ib force—78- 
in. throat—dry-disk rectifier 
4 type used in spot welding 
Inconel in range of 0.093 
: to 0.188 in. thickness 


SPOT WELDING 

OF INCONEL “xX” 
IN THICKNESS RANGE 
OF 0.032 TO 0.188 IN. 


ABSTRACT. This article outlines recommended welding sched- 


% ules for spot welding Inconel “X’’ sheets of 0.032-, 0.062-, 
0.093-, 0.125-, 0.143-, 0.156- and 0.188-in. thicknesses. The 
zp weld quality meets the requirements of Military Specification 
~ MIL-W-6858A. The work was performed on several sizes of 
: welding machines which includes the three-phase dry-disk 
3. rectifier type and single-phase type. The basic approach was to 
3 formulate two sets of schedules, one using high welding pressure 
2 and the other lower pressure 
“; The welding technique was developed as required to produce 
‘6 sound welds for each condition. The interdependent variables 
| are discussed with respect to their influence on weld strength 
and weld soundness 
2 The results indicate that satisfactory welds can be made on 
g either three-phase or single-phase equipment. It is not necessary 
= to use high values of weld force if the geometric shape of the 
ee product makes adequate tooling design impossible. 
‘ Jean Harris is welding engineer and J. J. Riley is chief electrical engineer 
= at the Ta r-Winfield Cory arren, Ohio 

M. D. Bellware is associated with Development and Research Division, 

International Nickel Co., Inc., New York, N. Y 


Paper presented at 1958 AWS Annual Spring Meeting, held in St. Louis, 
Mo., April 14-18 
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Spot Welding Inconel 


Authors indicate that if welding variables are controlled, 
there are a number of schedules that will produce satisfactory 


welds for any specific thickness of Inconel **X” 


BY JEAN HARRIS, M. D. BELLWARE AND J. J. RILEY 


It should not be inferred that Inconel “X”’ can be 
successfully spot welded without carefully controlled 
welding conditions. Yet, if the welding variables are 
controlled, there is a number of schedules that will 


produce satisfactory welds for any specific thickness 
Introduction 

The use of heat-resistant alloys of high nickel con- 
tent has been steadily increasing. Published informa- 
tion'~*on spot-welding technique for Inconel “X,” nick- 
el-chromium-iron alloy, covers the lower range of thick- 
nesses to a maximum of 0.062 in. The basic spot- 
welding technique consists of high electrode force and 
short weld time. 
aforementioned thickness range. 
tend this technique to 0.125-in. thickness Inconel ““X”’ 
results in welds with a definite degree of porosity re- 
gardless of the electrode force. However, the welds are 
not cracked and are acceptable for many applications. 


This approach is satisfactory in the 
An attempt to ex- 
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It was apparent that a new welding technique had to 
be devised if porosity were to be eliminated. The tech- 
nique consisted of a dual pressure and th dual current 
cycle. The weld was formed during the application of 
weld force and the defects prevented by forge force in the 
temper current period. The weld was formed during 
the flow time of the welding current and was kept in a 
plastic condition by a temper current after a cooling 
(quench) period. The porosity, in most Instances, was 
decreased to an undetectable point in X-ray examina- 
tion. The porosity was well within the limits of MIL- 
W-6858A. 

This technique is illustrated diagrammatically in 
lig. 2, which also defines the terms 

The weld quality was established to meet the MIL- 
W-6858A requirements. These basically are: 

1. <A fusion zone which is practically porosity-tree 
and contains no cracks. 

2. Sheet separation less than 10°, of the average 
thickness of the sheets 

3. Fusion-zone penetration 20 to 90°; ot the total 
thickness of the sheets 

1. No external defeets such as surface flashes 
cracks, expulsion of metal between sheets, etc 


5 Porosity limitation to within 10°, of weld area, 


5° of weld diameter and less than 15°; of projected 
weld boundary. 

6. Surface indentation was limited to 10°, o1 
0.005 in., whichever is greater, of the thickness of the 
sheet in which the indentation occurs 

The spot-weld tensile-shear strength was established 
as 10% above the minimum average of MIL-W- 
68584. As no values are given beyond 0.125-in 
thickness in this specification, the requirement beyond 


0.125-in. thickness was estimated. 


Material 

The material used was Inconel ““X”’ strips cut from a 
single sheet of the material. The sheets were supplied 
in the annealed condition. Table 1 lists the chemical 
analyses and mechanical properties of Inconel “X.” 


The coupon sizes used in the welding were: 


Thickness Width Lenath 
0.031 3 

0 062 | i 

0 | 5 

0. 125 l 6 
0.140 6 
0.156 2 6 
0.188 2 6 

Equipment 


The equipment used incorporated all the latest fea- 
tures available in electronic-control design. Rather 
than struggle to develop welding schedules using a 
simple weld cycle, the emphasis was to develop sched- 
ules that could readily be applied to production process- 
ing even though more complex welding controls were 
required. 

The single-phase control had features of up-and-down 
slope control, forge delay and chill-and-temper sequence 
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Fig. 2. Spot-welding technique for Inconel ''X”’ 
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Fig. 3 Adjustment panel of single-phase spot-welding 
control with up-and-down slope-control forge time and with 
quench and temper 
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as is evident from the adjustment dial, Fig. 3. This 
control was used with a laboratory press welder capable 
of exerting 18,000-lb force. The combination was used 
to weld the heavier thickness (0.093 to 0.188 in.), em- 
ploying single-phase power. 

The welding using three-phase power was performed 
on two sizes of equipment. One was an RWMA Size 2 
press welder equipped with dual force sequence and a 
dry-disk rectifier power pack. The other machine, a 
rocker-arm type, and control were especially designed 
to spot weld Inconel ““X.” The machine is shown in 
Fig. 1. It has a 78-in. throat and is capable of exerting 
a maximum of 9200 lb in a dual force sequence. 

The three-phase control designed for use with this 
equipment provided practically every known weld- 
current pattern sequence for three-phase equipment. 
The number of possibilities is apparent from the ad- 


justment dials, Fig. 4. 


Instrumentation 


Contact-resistance measurements were made using a 
modified Kelvin double-bridge circuit, at 24-amp d-c 
measuring current, and a mechanical press. An elec- 
trode force of 1000 lb was used with ®/;-in. diam Class 
II electrodes faced with 3-in. radius dome. 

The current and pressure timing intervals were 
measured using a direct inking oscillograph. Current 
magnitudes were checked using a d-c shunt on the three- 
phase equipment and a current transformer inserted in 
the primary of the welding transformer on single-phase 
equipment. The magnitudes were measured on the 
oscillograph and cross-checked using  pointer-stop 
instruments 

The electrode force was provided by a frictionless, 
calibrated airlock on all equipment and was checked 


with a mechanical force gage. 


Surface Preparation 


When spot welding Inconel “X,” careful considera- 
tion should be given to the surface condition. A tena- 
cious oxide may be present due to prior heat treatment 
or due to long periods of storage, especially in some in- 
dustrial atmospheres. The oxide is difficult, if not im- 
possible, to remove by rubbing with steel wool, revolv- 
ing stainless-steel wire brush, or rubbing with emery 
cloth. If cleaning must be by mechanical means, 
grinding is recommended. However, it is usually more 
practical to clean chemically with a solution such as 
shown in Fig. 5. This method was used to reduce the 
“as-received” contact resistance of 150 to 375 microhms 
to that used in spot welding of 25 to 75 microhms. 
The lower surface resistance avoided the expulsion be- 
tween electrode and sheet and between sheets which 


occurred when the surface was not cleaned. 


Investigation Procedure 


Sufficient material was not available to investigate 
carefully the effect of each welding variable in each 
thickness on weld quality. Past experience of the au- 
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Fig. 4 Adjustment panel of three-phase spot-welding con- 
trol with preheat, weld, postheat, quench and temper, 
forge time, multiple and single-impulse weld-current pulses; 
and pre-compression 


PICKLE SOLUTION 
(BY VOLUME ) 


WATER (H,0) - 10 PARTS 


CONCE NTRATED 
NITRIC ACID (HNO,)!O PARTS 


DEGREASER | | WYDROFLUORIC ACID(HF) = 
1.5 PARTS 
AM 75°F - 85°F RINSE 
A 
160° F (POLYSTYRENE CONTAINER) 
5 MINUTES 20-30 MINUTES 2 MINUTES 


Fig. 5 Chemical cleaning of Inconel ‘'X"’ 
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Table 1—Chemical Analysis and Mechanical Properties of Inconel ‘'X"’ 
T hick- 

Heat No ness ¢ Vn Fe Ss Si Cu Vi ( | i Ta + Ch 
HT 7662X 0.031 0.05 0.62 6.82 0.007 0.32 0.03 73.03 15.15 0.73 2.49 0.73 
HT 7247X 0.062 0.05 0.62 6.98 0.007 0.38 0.05 72 60 15.16 0.81 2.45 0.87 
HT 7466X 0.093 0.05 0.82 6.92 0.007 0.36 0.03 72.56 14.96 0.77 2 63 0.87 
HT 4927X 0.125 0.05 0.73 6.94 0.007 0.34 0.06 72.86 14.81 0.84 > 44 0.90 
HT 7664X 0.140 0.04 0.58 6.55 0.007 0.29 0.04 73.26 15.29 0.78 2 43 0.71 
Typical analysis 0.05 0.50 7.00 0.005 0.40 0.05 73.00 15.00 0.75 2.50 0.90 

Annealed mechanical properties 
Lverage 
Annealed Y tele Te ris Ong gratin 
thickness, Rockwell strength, strengt} or diameter, 
Heat No. in. hardness psi p un 
HT 7662X 0.031 30T67 .0 14,000 106, 500 580 0.0022 
HT 7247X 0.062 {,. 86.5 18, 500 110,000 51.0 0.0016 
HT 7466X 0.093 ty. 84.5 16, 000 111.000 52 0) 0 OO18 
HT 4927X 0.125 R,.86.5 19,000 109.000 0.0025 
HT 7664X 0.140 Rp». 88.5 50,000 114,000 52.5 0.0018 
Note: Detailed data were not available on 0. 156- and 0. 118-in. thicknesses 
Table 2—Preliminary Weld Schedules of Inconel ''X’’ 
Three-Phase, Drv-Disk Rectifier-T ype Welde 
Sched- Vaterial S , er imp 
ule thickness, Electrode force, lb Time settings, cycle T'empera- 
No. in Weld Forae eld Quench Ten pe Forge Ho Weld pe ture/weld 

l 0.143 3500 9200) 100 None None 10 120 11.300 N 
2 0.143 1500 7500 100 5 150 20 120 11,350 8,540 0.75 

4 0.148 3500 6000 100 5 150 20 120 11.350 9,100 0 80 

4 0.143 1500 S000 80 5 gg 20 120 12,500 9 300 0.745 
5 0.125 3000 5100 0) 5 135 IS 120 10,680 8. O60 O84 
6 0.125 1100 71 5 O68 Is 120 10.820 8.110 
7 0.093 22000 1800 67 5 Qg 4 120 R 510 7.380 0 S6S 
8 0.093 3300 6700 54 ) 73 13 120 10, 220 §$, 650 0.845 
9 0.156 3750 6350 110 20 170 22 240 11,250 8.750 0.776 
10 0.156 1850 9000 RO) 5 120 24 120 12,600 9,340 0.746 
11 0.188 1700 7150 139 30 180 27 240 13,250 9 760 0.716 
12 0.188 6100 9200 103 30 146 a7 P40) 15,000 10,480 0.70 
13 0 062 1410 29000 3 0 6S Ss 60 6.630 + 600 0.604 
14 0.062 2500 1500) 37 0 16} 50 OOO OST 
15 0.032 S50 1850 22 0 32 3 60 5, 500 +, 100 0.748 
16 0.032 1750 2800 13 0 13 3 60 6,630 +, 600 0.695 

* Measured after weld-current flow. 
Electrodes RWMA Class [I—8-in. radius dome 0.188—0.093 
RWMA Class III —6-in. radius dome 0.062—0.032 
eld prope fie 
{ erage 
Material tensile Weld 
Schedule thicknes shear, diameter, Penetra 

No in lh in tion (o 

0.148 

2 0.1438 7,875 No defects X-ra 
3 0.143 8,766 0.420 60.5 No defects X-ra 

} 0.148 8,366 0.385 52.8 No defects X-ray 
5 0.125 7.593 0.368 57 .6 Bad defects X-ray 
6 0.125 8,240 0.379 54.2 No defects X-ra 
7 0.093 5,603 0.345 47 5 No defeets X-ray 
8 0.093 5,832 0). 327 52.8 Ni ects X-ray 
9 0.156 10,240 0.423 64.1 Nod s X-ray 
10 0.156 10,236 0.436 63.8 Mi e defects X-ray 
il 0.188 10, 280 0.445 63.0 No defects X-ra 
12 0.188 11,567 0.456 63.5 No defects X-ray 
13 0.062 3,370 0.28 13.0 No defects X-ray 
14 0.062 3,242 0.27 63.0 No defects X-ray 
15 0.032 1,155 0.175 15.0 No defects X-ray 
16 0.082 1,154 0.141 15.0 No defects X-ray 
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Welding Current Constant at 11350 amp 


Table 3 


Basis Schedule No. 2 Table 2 Welding 0.143-in. Thickness 


82% Heat Control 


Ratio 
Té moper urrent* lem per 
Heat lo weld Results from X-ray 
control Amp current eramination 
0 0 Large elongated defect 
50 6870 0 625 Smaller round defect 
a) 7390 0.725 Minute round defect 
62 S540 0.75 No defects Schedule No. 2 
value 
65 S750 O85 No defects 
70 9700 0 94 Minute round defect 


* Temper current ranges from 70 to 85% of weld current in 


schedule Ss show nin Table 2 


Table 4—Effect of Temper Time on Weld Porosity 


Basis Schedules from Table 2 


Thick- Temper Vinimum temper time at 

Sched ness, lime which defects appear, 

Vo hedule cycles 

8 0.093 73 20-—minute defect 

t 25 U6 70—minute defect 

0.143 70—minute defect 

10 0. 156 120 100—minute defect 

12 0.188 146 120— minute defect 
Nore: Longer temper times have no noticeable effect on weld 


porosity 


thors had to be relied on to establish welding schedules 
The effects of each variable could be deter- 

varying only one on a specific thickness, 
In this manner 


quickly. 
mined by 
another on a different thickness, etc. 
the welding schedules were devised and the effects of 
the variables determined. 

Two equal thicknesses of 0.143-in. stock were selected 
as the first gage to be welded. <A force of 9200 Ib, the 
limit of the equipment in Fig. 1, was used in a dual pres- 
sure sequence. A low initial pressure was used to es- 
tablish the desired penetration, the final pressure to 
The welding variables are in- 
The welds were 


minimize weld defects. 
dicated in Schedule No. 1 in Table 2. 
free of cracks but had porosity within the limits of 
MIL-W-6858A. 

Previous experience on stainless steels had indicated 
that much less porosity resulted if, after weld-current 
flow, the current be lowered but kept flowing while the 


weld was subjected to the final or high value of force. 
This technique was altered slightly to give a cooling 


period between weld current and the low current follow- 
Using only 7500- 


ing it, referred to as temper current. 


lb force resulted in sounder welds than the 9200 Ib 
The welding data are indicated 


used in Schedule No. 1. 


as Schedule No. 2 in 
the temper current is shown in Table 3. 
The welding variables were again altered to produce 


sound welds at 6000-lb force. 


Table 2. 


Table 2. 


The effect of varying 


This is Schedule No. 3 in 


Vateria 


thickness, 


Electrode force 4 


lh 


Table 5—Recommended Schedules for Inconel ''X”’ 


Three-Phase Dry-Disk Rectifier Equipment 


Time settings, cycles (60 « ps 


Se conda ry cu rrent 


P Weld 


Average tensile weld 


Shear 


Diameter 


Minimum 
u eld 
spacing, 
in.t 


n Weld For ge Weld (hue nch Te mper Forge Temper 
0.032 1700 2800 13 0 13 t 6,550 4,400 1,200 0.160 0.75 
0.032 S50 1850 22 0 32 5 5,500 4,100 1, 160 0.170 0.75 
0. 062 2600 1500 35 2 16 8 8,300 5,650 3,600 0.270 1.25 
0.062 1450 2900 14 2 67 9 7,100 5,350 3,400 0.280 1.25 
0 098 3500 6200 55 * 73 14 10,000 7,000 6,000 0.327 1.6 
0.093 2200 3950 65 7 100 14 8,750 6,700 5,550 0.345 1.6 
0.125 1300 7700 73 13 99 18 11,750 8,350 8,140 0.379 2:3 
0.125 3000 5000 78 13 132 19 10,350 8,000 7,550 0.368 $i 
0.143 1650 S400 83 17 112 21 12,700 9,050 9,200 0.385 2.4 
0.1438 3500 5650 101 17 150 20 11,200 8,650 8,500 0.420 2.4 
0. 156 $950 S800 89 21 121 24 13,600 9,700 10, 100 0.423 2.7 
0.156 3950 6220 113 21 165 23 12,000 9,300 9,500 0.436 3.7 
0. ISS 5600 9500 100 30 145 28 14,700 10,450 11,300 0.456 3.0 
0.188 1650 7150 133 30 187 26 13,050 10, 100 10,650 0.445 3.0 
Single-phase schedules 
0 0938 3300 6600 54 5 73 14 9, 800 7,800 5, 100 0.31 1.6 
0.098 2200) 1700 66 5 92 13 9, 200 7,300 4,900 0.30 1.6 
0.125 1100 7550 70 13 97 10,900 8,500 7,700 0.37 
0.125 3050 5600 90 12 130 i8 9,700 7,500 7,700 0.39 2.1 
0.143 1600 S000 79 17 110 20 10,700 8,300 8,300 0.41 2.4 
0.145 3500 6100 102 16 152 20 9,300 7,200 8,300 0.40 2.4 


On single-phase a-c schedules a 5-cycle up-slope time was used as 


The initial current was 30% of the welding maximum current 
* Forge delay measured after welding current flow (Fig. 2). 


t Spacing centerline to centerline of weld nuggets 


in welding current to compensate for shunting of previous welds. 
1. Material should be chemically cleaned. 
2. Data based on welding two pieces of equal thickness. 


whichever is larger. 


574 Harris, et al.—Spot Welding Inconel 


3. Minimum overlap is 3 times the weld diameter or one-half the minimum weld spacing, 


part of the weld time. 


spacings above this value require no increase 


Electrodes RW MA Class 3 


0.032, R = 6in., D = 0.88 
0.064 — 0.125, R = 8in., D = 0.88 
0.143 — 0.188, R = 8in., D = 1.5 
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A further attempt to reduce the weld time required 


that the electrode force be raised to 8000 lb, Schedule 


No. 4 in Table 2. 

The tensile-shear value shown is the average of at 
least 20 welds. 

The aforementioned procedure was used to establish 
two sets of weiding conditions for 0.125-in. thickness, 
referred to as Schedules 5 and 6 in Table 2. These 
schedules did not produce sound welds. Both schedules 
produced welds with porosity. In determining these 
preliminary Schedules, about 5 welds would be made and 
a check on shear strength and internal porosity made 
If these looked satisfactory, another 15 welds were 
made. In schedule No. 5, the first three welds had an 
average shear strength of 6810 lb. The other 15 welds 
had an average shear of 7593 Ib. The weld size in- 
creased and, as it did, the defects appeared. The same 
thing occurred on Schedule No. 6 in which the first 5 
welds had a strength of 6700 lb. It was later dete 
mined that the level of welding current had the prin- 
cipal effect on the size of the weld. 

Using the above sets of data, Schedules No 7 and S, 
Table 2, were determined for 0.093-in. thickness. 

By extrapolating the above data, tentative schedules 
were outlined for 0.156- and 0.188-in. thicknesses 

Schedules No. 9 and 10 in Table 2 apply to 0.156-in 
thickness, but are the results of considerable manipula- 
tion of the previously extrapolated data. The effect 
of some of the minor variables on weld quality became 
evident. 

Schedule No. 9 had minute defects. It was later 
determined that increasing the quench time to 20 cycles 


eliminated these defects 


Determination of Weld Schedule No. 10, 
Table 2, 0.156-in. Thickness 


As an example of the influence of minor variables, the 
procedure used in forming this schedule will be ex- 
plained. 

1. Effect of Hold Time—Numerous defects were 
present in the spot welds using 120-cycle hold time. 
The weld had the spongy appearance of not cooling un- 
der pressure. The hold time was increased to 240 
cycles and the major portion of the spongy appearance 
disappeared. However, there was some porosity left 
Obviously another variable was partly responsible. 

2. Effect of Quench Time—The use of the quench time 
variable was to allow the weld to cool and solidify 
partially. After the weld had reached this point, the 
weld cooling was again delayed by applying temper 
current. The forge force was applied in the temper 
period to hamper formation of defects. If the quench 
time is not long enough, the defects will not be elim- 
inated. The weld is too hot and has not shrunk suffi- 
ciently to allow the processing during the temper-cur- 
rent flow period and hold time to be effective. 

When small adjustments of the other variables did 
not eliminate the defects, the quench time was pro- 
gressively increased from 5 to 30 cycles. The range 


from 20 to 30 cycles seemed most insensitive. In- 
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Fig. 6 Welding variables, low-pressure schedule—dry- 
disk rectifier—variables of weld and forge force, forge, 
temper weld and quench times vs. sheet thickness (see Fig. 7 
for remainder of variables) 
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Fig. 7 Welding variables—low-pressure schedule—dry- 
disk rectifier—variables of weld and temper current, 
shear strength vs. sheet thickness (see Fig. 6 for remainder 
of variables) 
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Fig. 8 Welding variables—high-pressure schedule—dry- 
disk rectifier—variables of weld and forge force, forge, 
temper, weld and quench times vs. sheet thickness (see 
Fig. 9 for remainder of variables) 


creasing the quench time to 20 cycles gave a wider 
range to the other variables such as temper current and 
temper time 

The minute defects shown in Schedule No. 9 were 


eliminated by increasing the quench time to 20 cycles 
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from the 5 cycles indicated. Schedules No. 11 and No. 
12, Table 2, on 0.188-in. thickness were determined 
after Numbers 9 and 10. These were rapidly made 
after the quench time was extended to 30 cycles. 

3. Effect of Temper Time—To determine the sensi- 
tivity of temper time, it was progressively reduced in 
the schedules from Table 2: 4(0.143 in.), 6(0.125 in.), 
8(0.093 in.), 10(0.156 in.) and 12(0.188 in.). 

The minimum times at which defects appear are 
shown in Table 4. 

The work progressed by welding 0.062-in. thickness 
indicated as Schedules 13 and 14 in Table 2. The quench 
time was reduced to zero for this thickness. 

The extension of the work into the 0.032-in. thickness 
range gave a satisfactory high-pressure schedule, No. 
15 in Table 2. The low-pressure schedule became a 


problem if the forge pressure was held to 1400 lb maxi- 
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Fig. 9 Welding variables—high-pressure schedule—dry- 
disk rectifier—variables of weld and temper currents, 
shear strength vs. sheet thickness (see Fig. 8 for remainder 
of variables) 
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mum. This was determined by extending the force 
curve from thicker to thinner thicknesses. Schedule 
No. 16 was developed at 1820-lb force maximum. This 
schedule did give satisfactory results. 

This force is not “low” for this thickness, other sched- 
ules'~* giving different techniques use about the same 
value. It is questionable if the complex technique dis- 
cussed in this paper is necessary on thin gages 

Recommended Schedules—Three-Phase Dry-Disk Rec- 
tifier. The data in Table 2 are plotted in a series of 
curves, Figs. 6-9. From these curves, Table 5 was 
made. 

This table gives the recommended welding variables 
for spot welding equal thicknesses on three-phase dry- 
disk rectifier equipment. 

Recommended Schedules—-Single-Phase Equipment. 
Part of spot-welding program was duplicated on single- 
phase equipment. The welding variables are plotted 
in Figs. 1O and 11. From this series of curves the data 
were tabulated in Table 5. A 5-cycle up-slope time was 
used to simulate the slowly rising current wavefront 
which is inherent in three-phase equipment. 

Metallurgical Characteristics and Abnormalities. 
Welds from each thickness of material were cross sec- 
tioned and given a thorough metallographic examina- 
tion. In all cases the examinations indicated that a 
relatively high degree of soundness had been obtained. 
A typical cross section is shown in Fig. 12. Many of 
the welds etched darker near the center of the nugget, 
indicating a tendency toward dendritic segregation as 
shown in Fig. 13. This segregation is known in the 
foundry trade as ‘“‘coring”’ and is not particularly detri- 
mental. There was also a slight amount of sponginess 
found near the center of some of the welds, but the 
amount was well within recognized acceptable limits. 
Neither the segregation nor the sponginess was consid- 
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Fig. 10 Welding variables—low-pressure schedules, single-phase ac 
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~ 
Fig. 12 Typical spot weld Ps: 14 
in Inconel ''X"’ sheet. Speci- 
men shown is 0.188-in. ma- 
terial. Glyceregia etch. 7 
X10 
— 


Fig. 13. Spot weld showing 
dendritic segregation near 
center of weld. This effect 
is not considered to be 
harmful. Glyceregia etch, 
X 10. 
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Fig. 14 Intergranular “'fingers’’ of dendritic material in 
Inconel ''X’’ adjacent to spot weld. Glyceregia etch, X 50 


ered harmful enough to warrant any special considera- 
tion 
A different type of phenomenon which has also been 


‘ was found in all of the specimens 


referred to as coring, 
examined. It occurs in the area adjacent to the weld 
and can be seen in Fig. 14 as “fingers”? of dendritic 
material extending outward from the weld nugget. 
This phenomenon has frequently been observed in other 
high-nickel alloys as well as Inconel “X.”’ At low mag- 
nification, these areas sometimes appear to be cracks 
but higher magnification shows the fingers to be com- 
pletely filled with sound metal. 

The reason for the formation of this dendritic mate- 
rial is not known, but in no case in our experience has 
there ever been a failure that could be attributed to 
any Weakness in this material. In fact, similar areas in 
other high-nickel alloys have shown a tendency to arrest 
fatigue cracks that have started at the notch between 


the two sheets of metal. 


Conclusions 

1. The spot welding of Inconel “X” to MIL-W- 
6H858A can be accomplished by using the selection of 
welding variables tabulated in Table 5. The welds are 
porosity-free in X-ray examination. 

2. The spot welding can be successfully accom- 
plished using either three-phase dry-disk rectifier or 
single-phase equipment. 

3 The oxide coating should be removed from In- 
conel “X”’ by using the chemical cleaning (or equiva- 
lent) method outlined in this report. 
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4. Inconel “X” can be spot welded at various pres- 
sure levels and result in sound welds, provided the 
technique of using a quench period followed by a temper 
period is used. Electrode force, regardless of mag- 
nitude, will not in itself eliminate defects in gages 
above 0.093-in thickness. 

5. Porosity in the welds was definitely associated 
with the nugget size or shear strength. It is advisable 
to limit the shear strength to within 10% above the 
average values in MIL-W-6858A. It is difficult to 
eliminate porosity if the spot weld is too large. 

6. The principal variable influencing the nugget 
size, provided the electrode shape and force are es- 
tablished, is the magnitude of the welding current. 

7. It may not be necessary to weld Inconel “X”’ 
less than 0.062-in. thickness following the schedules used 
in this report. Other investigators'~* have indicated 
different techniques. Nevertheless, for average produc- 
tion procedure wherein excessive care is not used for 
control of electrode shape, etc., it is advisable to ad- 
here to the general procedure used. 
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Appendix A 

The X-ray equipment used in this work was manu- 
factured by Kelley-Koett Manufacturing Co. 

1. 100-A-4 tube unit, self-rectified generator. 

2. 100 P.K.V. at 10 ma water cooled. 

3. Control type 90-A-4. 

Lead shield was used to cover all material except 
weld spots. 

The tube distance above the work was 18 in 

The tube was operated at 10 ma for 20 min on all 
thicknesses of materials. 


The X-ray schedule 


Total 
material Operating 
thickness, voltage, 
mn. volts 
0.064 140 58 
0.124 155 65 
0.186 180 76 
0.250 200 85 
0.286 215 92 
0.376 240 100 


THe WELDING JOURNAL 


S 
a 
S| 
t] 
re 
Sl 
bi 
if 
hie 
il 
Wwe 
in 
CO 
mil 
Str 
CAs 
K 
Lal 
with 
Pay 
Lou 
Jv 
a 
‘ 


(NAL 


ELEMENTS OF JOINT DESIGN FOR WELDING 


A number of important factors which should be considered in the 


design of welded joints are discussed by the author 


BY K. H. KOOPMAN 


INTRODUCTION. This paper is an attempt to present a few 
of the more important factors which should be considered in the 


design of welded joints Another aim of the paper is to stimulate 
more interest in this subject and to encour we design engineers 
to exploit the wealth of information and data contained in the 
W eELp1inG HANDBOOK of the AWS! and in papers published in Tut 


WELDING JOURNAL and by the Welding Research Council. 


his pape disc the design ol joints re to be Tusion 
welded by any of the are or gas processes and would apply to 


either manual or machine welding 

importance of Good Joint Design 

Proper joint design is a vital part of a welding procedure 
because it helps to control distortion, minimizes residual 
stresses, facilitates good workmanship and reduces 
welding costs and results in greater reliability 

The designer should work closely with the welding 
engineer and metallurgist as well as with the fabricating 
shop in order to insure the quality of materials and 
workmanship assumed in his design. In other words, 
the design engineer at an early stage should assume the 
responsibility of integrating the fabrication and quality- 
control techniques into the design in order to assure 
successful service operation of the finished welded 
product. 

The designer can contribute substantially to the 
success of his design and at the same time ease the 
burden placed on the shop in achieving high quality 
Too frequently, the designer tends to leave the problem 
of achieving high-quality welds up to the welding engi- 
neer without considering the basic design configurations 
ind fabrication sequence when first starting the design 
work. If these factors were handled properly in the 
initial phases of the design, problems likely to be en- 
countered in fabrication and service would be mini- 
mized. 

Quite often, operations such as stress relieving are 
overlooked by the designer and later cause trouble. 
The ASME Code and good safe design require such a 
stress relief on all welds made of certain materials, e.g., 


) 07 


2'/5% chromium-1% molybdenum steel. In other 


cases, the code suggests stress relief of certain materials 


K. H. Koopman was formerly associated with the Knolls Atomic Power 

Lab., General Electric Co., Schenectady, N. Y He is presently associated 
th the Welding Research Council 

Paper was presented at the 1958 AWS Annual Spring Meeting held in St 

Louis, Mo., April 14-18. 
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ior some applications Such stress-reheving require- 
ments must be factored into the design both from the 
standpoint of assembly and the use of dissimilar ma- 
terials. It might be necessary to forego stress relief in 
certain weldments involving the use of both austenitic 
and ferritie steels or the use of rolled-in tube-to-tube 
sheet joints 

The weld joints should be designed so the welds can 
be tested nondestructively for necessary quality con- 
trol, especially if the welds are in pressurized or con- 
taminated and inaccessible areas 

The major consideration in joint design is the service 
for which the product is intended If the joint is to be 
care should be taken 


to provide welded joints which will present few ir- 


subjected to corrosion or erosiol 


regularities or crevices susceptible to such forms of at- 
tack or which are difficult to inspect. Full penetration 
welds are recommended. The manner in which stress 


will be applied in service, whether tension, shear, 


bending or torsion, should be considered. Certain 


joint designs are suitable only for stress applied in one 
direction, while others are suitable for use when appli- 
cations of stress are varied or when stress directions are 
not predictable. Whether the loads are static or dy- 
namie will also affect the weld design 

Typical weld-joint designs are described in Chapter 39 
of the Wetp1nc HanpsBook, Third Edition, and prop- 
erties of welded joints are described in Chapter 40 
In addition, the joint designs shown in MIL-STD-22 
(Ships) 30 Aug. 1955 should be referred to when re- 
quired for military applications 

A great amount of design information for welded 
buildings and bridges is given in Chapters 47 and 48 of 
the WeLpING HAnpsook, Third Edition 

Chapter 51 of the We_pinc HANDBOOK contains a 
substantial amount of very helpful information and 
data on the general use of welding for fabrication of 
pressure vessels and boilers Extreme conditions of 
present-day pressure-vessel operation include boiler 
pressures up to 2600 psi and temperatures up to 1400° F 
and as low as minus 350° F. At temperatures in excess 
of approximately 650° F, low-carbon steels suffer a 


loss in tensile properties and undergo plastic flow or 
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creep, but steels having suitable alloying elements 
possess greater strength and creep resistance, thus per- 
mitting the use of higher working stresses. At tem- 
peratures lower than 0° F (below 100° F in some cases) 
steel should be examined with particular reference to 
notch toughness and resistance to brittle fracture. 

In reference to the welding of machinery compo- 
nents, it should be emphasized that the life of any 
welded machine depends on proper design. Two 
general types of welds are used in making strength 
joints on machinery, butt welds and fillet’ welds. 
Tensile and shear stresses for butt welds are usually 
calculated by dividing the force by the cross-sectional 
area of the weld. Maximum bending stresses are cal- 
culated by dividing the bending moment by the section 
modulus of the weld. When combinations of tensile, 
shear or bending stresses are present, they all must be 
taken into consideration as shown later in this paper. 


Stress Concentrations 

Local discontinuities and abrupt changes in the sec- 
tion of a member cause a concentration of the stresses 
at these points and are usually called “stress raisers.”’ 
The importance of stress raisers and the resulting stress 
concentrations are dependent upon the ductility of the 
material and the type of loading, that is, whether it is 
fast or slow impact, static or dynamic for many cycles. 

Stress concentrations in ductile material subjected 
to static loads are generally not serious because the 
metal can yield or flow plastically to neutralize or 
redistribute the stress Howey er, stress concentrations 
should be minimized in the case of impact, low tem- 
perature or cyclic loading. Since brittle materials will 
not flow plastically, no redistribution of stress occurs 
and danger of failure occurring at points of stress con- 
centration will result. Stress concentration in mem- 
bers subjected to fatigue loading might produce failures 
and should be avoided or properly considered when eal- 
culating the size of the member. 

A fatigue failure is governed by two factors: the 
ibility of the material itself to withstand repeated 
stresses and the existence of points at which the stress 
exceeds the endurance limit of the material. Stress 
raisers resulting from sharp corners, fillets, notches, 
holes, etc., might produce stress concentration equal to 
many times the average stress and, unless these peak 
values are held below the endurance limit, ultimate 
failure in service will result. 

Two methods may be used to prevent fatigue failures 


as a result of stress concentration. 


|. Eliminate as nearly as possible the stress con- 
centrations. 
2. Design the member so that the maximum stresses 


at the points of stress concentration are below 
theendurance limit by a suitable factor of safety. 


Welded joints, because of their character and shape, 
are often stress raisers. A small round hole in a plate 
will produce a theoretical stress-concentration factor 
as high as 3, and a small gas hole or slag inclusion is not 
uncommon in welds (other shape holes may be higher 
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in strain raising). Sharp corners and notches are well- 
known stress raisers and are obtained with groove 
welds having incomplete penetration, at the heel and 
toe of fillet welds and at points of undercut or rein- 
forcement. Welded joints subjected to dynamic loads 
should be designed with these factors in mind. Stress 
raisers resulting from the weld shape or poor quality 
should be eliminated as much as possible. 

Actually, tensile strength, yield strength, creep 
trength or long-time rupture strength determines 
present-day ASME Pressure Vessel Code allowable 
stresses, ductility and shock and fatigue resistance 
being taken care of in some degree by material specifi- 
cations and other test requirements. With further 
progress, creep and rupture tests will possibly contribute 
more than comparative evaluation, and the selection of 
allowable stresses may reflect better evaluation of the 
flow characteristics, rupture patterns and ductility as 
determined by these tests. Proper selection of working 
stresses also involves design and service considera- 
tions, which will be considered more broadly under 
Design.” 

These material properties, the influence of abrupt 
structural discontinuity (plate—heat-affected zone 
weld) and the unworked deposited metal must be con- 
sidered in establishing joint efficiencies. There is a 
tendency to overvalue the greater tensile strength of 
many welds with perhaps too little attention to lower 
ductility in the heat-affeected zone, which is the critical 
area for failure under sudden or repeated loading. On 
materials which undergo transformation, full heat treat- 
ment is beneficial in minimizing this weld-zone dis- 
continuity, subcritical stress relief being of only nom- 
inal benefit. Joint efficiencies also depend on design 
and inspection requirements and are discussed further 


under 


Design—General 

The application of modern welding to pressure ves- 
sels and boilers has made possible improved design ap- 
proaching uniform strength throughout each vessel 
which, together with advances in mechanics and metal- 
lurgy, has pointed the way to more economical use of 
materials. However, as a pressure membrane of un- 
interrupted stressed-skin structure is approached, the 
hazard of propagating minor flaws is increased. Also, 
over-all economic considerations dictate design for 
complete rather than average safety, since damages 
incident to a small fraction of 1% failures would offset 
material and fabrication savings on the entire produc- 
tion. Accordingly, safety codes and designers must 
proceed cautiously with reduction in safety factors, 
considering all contributing factors (service, materials, 
fabrication, inspection and design) and await each ad- 
vance to be adequately proved by service experience 
before sanctioning the next step. 

Pressure and temperature, while principal factors, 
are not the only design criteria. Other loadings must 
be considered even though the codes are just beginning 
to adopt specific rules for handling them. Such load- 
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ings include dynamic shock, fluctuating and repeated 


pressure loading, thermal stresses (both steady state 


and transient), superimposed loadings, piping reac- 
tions, reactions of platforms and attached equipment 
and others 

So-called factors of safety are significant only in rela- 
tion to simplified tensile tests and do not apply beyond 
single applications of load; at elevated temperature 
they are questionable. The original ASME Code 
safety factor of 5 (based on tensile strength) has been 
reduced to 4 in the API-ASME rules and in the Alter- 
nate Rules of the ASME Unfired Pressure Vessel Code, 
with added design and fabrication restrictions. In- 
creased stresses are also permissible on boiler drums 
under certain restrictions. With the variety of design 
and fabrication details permitted, the true safety factor 
Is dependent on the magnitude of localized stress in 
combination with the resistance of the material to 
maintained, sudden or repeated loading With more 
knowledge of design, properties of materials, control of 
fabrication techniques and methods of testing the fin- 
ished product, such extensive use of safety factors as 
props will not be used. This will require research and 
development effort on a grand scale. 

The present basis of the ASME Boiler Construction 
Code, Sections I and VIII, allowable stress, Tables P-7 
and UCS-23, respectively, is covered by the following 
statement prepared by the ASME Subgroup on Stress 
\llowances for Ferrous Materials: 

“The tables of allowable stresses are grouped accord- 
ing to temperature and in every case the temperature 
is understood to be the actual metal temperature 

“The stresses given in P-7, UCS-28 and UHA-23 are 
based on 25% of the minimum tensile strength accord- 
ing to specifications except for bolting materials and 
other exceptions given in these references 

“The allowable stresses are based on 80° of the 
stress required to produce a creep rate of 0.01% per 
1000 hr. Since 1944, stress-rupture data when avail- 
able have been given consideration on the basis that 
the allowable stress should not exceed 50% of the stress 
to produce rupture at the end of 100,000 hr. However, 
during the interval, the creep data have been the limit- 
ing consideration. It should be noted that stresses set 
prior to 1944 have not been readjusted to meet the 
stress-rupture criterion 

“Tn the transition range between where 257, of the 
tensile strength governs and where 80°, of the stress to 


produce a creep rate of 0.01‘ ver 1000 hr governs, 
o } 


allowable working stresses shall not exceed 506 o ol the 


vield strength for 0.2%, offset.’’ 

It is generally recognized that materials and joints 
must possess a certain ability to absorb energy and to 
deform plastically under actual stress conditions 
Ship and large pressure-vessel failures in recent years 
have emphasized the hazards of this problem. For 
low-temperature service below —20° F, the ASME 
Unfired Pressure Vessel Code, at present, requires that 
ll materials and welds be impact tested. The appli- 
cability of the arbitrary temperature of —20° F for all 
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materials is currently under study 
Formulae based on the theory ot elasticity are used 
for the entire temperature range, although it is realized 
that plastic flow or creep proportional to stress tends 
to equalize stress distribution at high temperatures 
The margin is in the direction of safety with higher 
temperatures. The simple stress theory is employed. 
Details of welding applications for fabricating welded 
components fol ships, railroads, automotive products 
and aireraft are given in Chapters 52, 53, 54 and 55, 
the WreL_pinc Hanpsook, Third Edi- 


tion. Chapters 56 and 57 cover the design of welded 


respectively ol 
joints for use in transmission pipe lines ind industrial 
piping 

In order to spread the use of standard welding sym- 
bols it would he of great assistance i ill design engineers 
and draftsmen would use the symbols presented in 


Chapter 58 of the WELDIN« HANDBOOK 
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Some simple basic formulae and their derivation and 
use 1n both static and dynamic loading are presented 
in the following pages. These were first published in 


Reference 2 bv C. H. Jennings 


Symbols 
S normal stress, psi 
Ss unit shear, psi 
VW = bending moment, in.-lb 
moment of inertia, 1n 
K stress-concentration tactors 
P external load, Ib 
h size of weld, in 
lor fillet weld, A weld leg 
For butt welds, h throat, excluding rein- 
forcement 
| length of weld, in 
L linear distance, in 
Stresses in Butt Welds 
In Fig. | 
S 
fi 


and max shear stress S 


P 


hil 


~ 


Let h thickness of plates of equal thickness. 
As an addition to the safety factor fo! static loading, 


do not include the weld reinforcement 


Stresses in Fillet Welds 

Symmetrical Fillet Welds 
Photoelastic tests indicate that the stress at the 

throat section of transverse fillet welds is principally a 


tensile stress 
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Fig. 2. Symmetrical fillet welds 
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Fig. 3 Fillet weld 


e 


Fig. 4a__ Eccentricity of load in fillet weids 


M, 
Fig. 4b Bending moment in fillet weld 


Te 


Fig. 4c Eccentric loading in fillet weld 


Fig. 5 Nonsymmetrical fillet weld 


be 


—»P 


Fig. 6 Nonsymmetrical fillet weld 
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Throat = L cos 45 deg = 0.707h (see Fig. 2). 
In symmetrical fillet welds, 


weld-throat area 0. hl 
The thickness of welded members may limit design. 
In Fig. 2, the center plate must be >2h, and in Fig. 3, 
the strength of connection may be limited by thickness 
of thinnest member. 

In Fig. 3, where t; < ts, the bending moment J is 
also produced on the weld, so eq 3 above will not suf- 
fice. See eq 5. 

As in Figs. 4a and 4b (same as joint in Fig. 2), a 
transverse force acts between the overlapping surfaces 
and produces the same bending moment, V7; as shown 
in Fig. 4b, which acts opposite to the .W caused by P. 

The force P and moment M, can be represented by 
the force P alone, eccentrically applied as in Fig. 4c. 

At equilibrium, M, is of such a value that the eccen- 
tricity, e, causes the load P to act along the centerline 
of the weld throat. 

Therefore, P should be about the same as ? in a ten- 
sile test of the weld. 


Nonsymmetrical Fillet Welds 

There is no counteracting ./ as in the previous case 
of Fig. 4a because the welded plates cannot press against 
each other. Therefore, we must consider the .W result- 
ing from weld-joint eccentricity in these cases shown 
in Figs. 5 and 6. 

In Fig. 7a, the weld throat is subjected to a tensile 
force P and bending moment M resulting from the 
eccentricity of force P acting along the fusion line OH. 
M = P/H. 


The stress caused by direct loading P is: 


1.414P 
hi 


(3) and (4 


Fig. Eccentric loading 


Ph 
FR 


P 


Fig. 7b Bending moment 
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The stress resulting from M is: the load distribution on the welds 
For simplicity, when parallel and transverse fillet 


6M 6Ph ar 


= (5) welds are used togethe Figs and 10b assume 
(0.707h)71 Al 


that the load is uniformly distributed between the 


This bending stress increases the stress at the weld welds. Actually the transverse welds are subjected to 
root, O, and decreases the stress at /. The root stress greater stress and will fail first. This is particularly 
is critical. true for materials of low ductility 
Add eqs (4) and (5) for the stress in nonsymmetrical For two transverse welds, S O.707P/hl. For one 
fillet welds: transverse weld, S 1.414P/] 
However, the experimental evidence is not sufficient 
1414P oF 1.41427 
to give an exact analysis So assume loading 
hl hl hl 
in design 
For a given load P, the stress is Welds Between an Angle and a Plate 
1414P/hl 1414 Figure 11 shows a weldment wherein the welds are 
1 414P/hl 1.414 located between an angle and a plate 
3.1 times the stress obtained by eq (3 Sometimes, make the center of gravity (c¢.g.) of the 
welds coincide with the c.g. of the angle. Let x Ei 
fora symmetrical fillet weld of the same size be the e.g. of the angle: b is width of the angle; e; and 
Parallel Fillet Welds es are the distances from the c.g. to the sides of the 
For design practice, assume that parallel welds are angle 
subjected to shearing stresses only To have the ¢.g.s colmeide, /,e; must equal Log if the 
For the single fillet weld shown in Fig. 8, fillet welds are the same shape and leg size 
If stress were the same in both welds 
1.414P 
O.707hl Al 1.414P 
S (11 
For a double fillet weld, 
P 0.707P 
2 x 0.707hAl Al 
| 
‘or welas made in plates of unequa iecKness, the — 
ld plates of jual thick th 
plate sections between the welds do not distribute the | anes a A 
load uniformly. As an analogy, imagine rubber for ———__t_ 


the top plate between A and B; then weld A in Fig. 9 Fig. 9 Eccentric loading 


carries the complete load. This is considered to be the 
general case for ductile materials, but a careful stress 


analysis would show peak stress values in the top and ee 
bottom plates in the weld regions. These stress peaks >. ae 
would be dangerously high for high-strength materials Re —o 
of low ductility. as 
a 1.414P ‘ 
Da hil Fig. 10a _ Fillet welds 
b 1.414P 
Sp» 10) 
. (b + a) x Al 

If the top plate were thin, failure would occur in the plate ob7sU“ue“’ LULL yh we 
near the edge of weld A. If side (parallel) welds are ne th 
used, eq 8 will apply because the load distribution be- ‘The Stress te 


tween the overlapping plates does not greatly affect 


Fig. 10b Point of highest stress in fillet welds 


Fig. 8 Loading parallel to fillet weld 


— | | 
? 
= 


Fig. 11 Angle welded to plate 
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Fig. 12 Transverse fillet welds under bending 


Fig. 13 Parallel fillet welds under bending 


M A 
“A 
| LA / | 
F 
Fig. 14 Fillet-welded bar 
Since 
ls a Le, (12) 
L.414P 1.414Pe, 1.414Pe. 2 
(13 
Ail, + ¢ Aly Al,b 
Similarly, 
1.414Pe, 4 


However, it Is not necessary to design so that ¢.2.8 of 
the angle and of the welds coincide. 
Transverse Fillet Welds Loaded in Bending 
\ssume the bending moment VW is counteracted by a 
couple composed of forces p acting at the center of the 
weld legs, as shown in Fig. 12. Therefore, .W = p(b + 
A + A p(b + h) or 


M 


(b+h 


p = (15) 


The weld stress from the bending moment alone equals 


1414p 1.414M 


Al Al(b + h) 


= 
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The load P exerts a shear stress as well as the bending 
moment pL. These must be combined. The follow- 
ing equations agree with actual test data. 

Assume both welds are of same length /. The shear- 
ing force on each weld = P/2. From eq 15, the force 
of bending moment on each weld is 


(b +h) (b+h) 
Determine the weld stress by calculating the resultant 
of these two forces and dividing by the area of the weld 
throat. 
Bending moment force, p = PL/(b + h) 


cos 45 deg X Al hl 
(17 
since 1.414 = +2 
hy? + 
S= 42 
1(b + hy)? 
P (b + h)? 
(18 
+ + 2 


If (6 + hk) is small in comparison to L, eq 18 approaches 
eq 16 for pure bending. 
Parallel Fillet Welds Loaded in Bending 

Calculate stresses on the basis of weld-throat sections 
being subjected to bending moment. On each weld, 


M = PL/2 (see Fig. 13) (19 


The section modulus of the throat 
0.707AP 


(20 
M PL/2 6PL 
Section Modulus 0.707A/2/6 14Al? 
24PL 


Al? 
Bar Fillet Welded on All Sides and Subjected to Bending 


teferring to Fig. 14, MM, is resisted by transverse 
welds A, and can be calculated by eq 16. 


1.414 
M, is resisted by parallel longitudinal welds B and ean 
be calculated from eq 21. 


_= M,= (23) 
hb? ’ I 4.24 


If the maximum stress were the same in all the welds, 
then S; = Ss. Therefore, 


1414M, 4.24; 
hi(b +h) hb? 


31(b 
M, = 31(b + h) 


b? 


(24) 
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3l(b + h 
+ M 


3l(b + h) = 
M re... | (25 


Substitute value of M. from eq 25 in eq 23, M 


31(b + h 
M [ rr 
- 


but M = M,+ M, 


1.24.1, t.24 
S=S,=;: ‘ 
hb hb? 3l(b + h)] 
J 
1.24. 


+ ib? + 3 


(26 

Fillet-Welded Shaft Subjected to Bending 

The stress in each element of weld shown in Fig. 15 is 
proportional to its distance from the neutral axis. 

The stress in the weld throat is 1/cos 45 deg on 
1/0.707 times the shear along the fusion edge of weld 

An elementary area of fusion zone, dA hrda at an 
angle a with the neutral axis, is subjected to a shearing 
foree df. 


Stress will be 


force df 
dS (23 
area hrda 
If Ss is maximum shearing stress S./7 dS/r sin a, 


since stress is proportional to the distance from neutral 


iXIS 
ds 
Ss ds Ss sin a (28 
sin a 
From eq Zi, df ds hr da 
df S<« sin ahrda 29 
The bending moment developed by df is dm df 
rsina 
dm sin ahrdar sin a sin?ahr da 30 
t 
— 


Ar | | 
Ar 
A» 
B 
cy 
Fig. 16 Welded butt straps 
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S sin ahr da SJ sin? ada 
0 0 


Since 


sin? ada COS sin @ a | 

0 jo 

or 

a sin Za | 
V 
S (31) 


for the shearing stress de veloped in the tusion zone of 
weld 


For the throat of the weld, 


O.707hrer 
M 
7 ss 
0.707 (D?/4)2 
5.66M (99 
O.707hD2x 


Fillet-Welded Shaft Subjected to Torsion 


Torque M is resisted by shearing force in weld throat 


acting at a distance D/2 trom center of shaft 
M shearing force * distance, D 2 (33 
V S. throat area D 2 

2M 2M 


throat area D O0.707hrD D 


283M 


Fillet-Welded Butt Straps 

Sutt-weld joints in tension are sometimes strength- 
ened for static loading by adding a butt strap to carry 
stress of the weld 


How- 


ever, it should not be used for dynamic loading; 


part of the load because the design 


metal is not as high as that of the base metal. 


In such cases, butt welds are pretel ible because stress 
concentrations are reduced 

The addition of a butt strap on both sides is pre- 
ferred, as shown in Fig. 16 If only one strap can be 
added, place it on the root side of the weld 

The elongation is the same in all plates when joint is 
loaded. 

Since Y 


< elongation/in. and since Y and the strain are the 


stress/strain, Stress ) & strain Y 


same for plates A, B and C inside of welds, the stress is 
therefore, the same for all plates made of the same ma- 
terial. 

Since the loads transmitted by the plates equal the 
stress times cross-sectional area and since the stresses are 
equal, the loads are proportional to the cross-sectional 


area. 
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Fig. 15 Fillet-welded shaft 


Table 1—Allowable Working Stresses for Butt Welds in 
Carbon Steel 


-For static loading For dynamic loading— 


Safe ty Safe ty 
Psi* factor* Psi* factor* 
Tension 17,000 3.5 8000 3.25 Based on 
endur- 
Compres- ance 
sion 20,000 3.0 8000 3.25 limit 
Shear 10.200 60°; of tension 4800 60° of tension 
working value 
stress 


* These are nominal values. Refer to the WeLpInc Hanp- 
BooK and to the codes for suggested current values. 


Load in each butt strap (Fig. 17) = p 
I 
Py Cross section of one butt strap _ 
total cross-sectional area 
Al (35) 


+ Ayly) 
Load in the butt-welded plate = pr 
Pp (== section of butt-welded piste) 


total cross-sectional are: 


P (36) 
(2hl + Ayl;) 
SFittet Stress in fillet welds 
p 
weld-throat area  0.707Al 
Phi 1.414P (37) 
(Qhl + hyl)O.707hl (2hl + 
Spor = Stress in butt weld = 
Pi 
cross-sectional area normal to load 
Phil, (38) 


(2h/ Ayl hal, (2hl + Ayl;) 


Design for Fatigue-Type Loads 

When structures of any type are subjected to re- 
peated fatigue-type loads of any type, they should be 
designed for lower working stresses. Some typical 
values shown in some of the welding literature are listed 
in Table 1. 

Table 2 presents a summary of the allowable 
stresses."° In particular, the conditions to be con- 
sidered are summarized in connection with the allowable 
stress symbols. 

For fillet welds, use lower working stresses. For 
static tension, compression or shear, use 14,000 psi. 

For '/s-in. fillet, for example, '/s in. X 14,000 = 1750 
lb/in. of weld. For '/.-in. fillet, '/2 in. X 14,000 = 
7000 |b /in. of weld. 

For endurance limit of fillet welds, that is, for dy- 
namie tension, compression and shear working stresses, 
use 5000 psi for either transverse or parallel welds in C 
steel 

Low working stresses are necessary because of stress- 
concentration factors, K. Some typical values are 
listed in Table 3.* 
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Table 2—Summary of Design Stress Limits 


Limitation Load Discontinuities 
Limit on maximum condition considered 
Stress symbol shear stress considered Gross Local 
Swo* tut Membrane Internal pres- Yes No 
yield sure 
strength steady- 
(shear) or state forces 


20% U. 8. 
whichever 


is less 
Tp = Peak 90° Internal Yes No 
yield pressure 
strength pipe reac- 
(shear) or tions, 
30% U.S. steady- 
whichever state forces 
is less 
Y.8S. tas = Peak— mean Internal Yes No 
1.677. component pressure 
25,000 100° yield pipe reac- 
strength tions, 
(shear) or steady- 
33.3% U.S. state forces 
whichever steady- 
is less state 
thermal 
Swe TAM Peak-alter- Transient me- Yes No 
15,000 nating com- chanical 
ponents; 
100% 
endurance 
limit 
(shear) 
KS, tas Peak-alter- Transient me- Yes No 
25,000 nating com- chanical; 
ponent. transient 
Endurance thermal 
strength 


(shear) at 
10° cycles 
or yield 
strength in 
shear, 
whichever 


is less 


* See Reference 2—these symbols used in eqs 39 and 40 
+ See References 9 and 10. 


Table 3 


Location K value 
At edge of reinforced butt weld 
At toe of transverse fillet weld 
At end of parallel fillet weld 
T-butt joint with sharp corners 


Cazaud" showed that the fatigue strength of welds 
in a low-alloy Cr-Cu steel of 76,000 psi ultimate tensile 
strength varied with the joint geometry. Joints having 
more severe notches or stress-concentration factor K 
had a lower fatigue strength when tested in fluctuating 
direct stress fatigue. The stress-concentration factors 
varied from 1.3 for a transverse weld bead-on-plate to 
3.0 for transverse fillet-welded cover plates. These 
values are quite close to those listed in Table 3. 

Fatigue tests of are-welded mild steel of 37,000 psi 
yield strength and 57,000 psi ultimate tensile strength 
indicated the K values listed in Table 4. 
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Table 4—Direct Stress Fatigue Tests (2 X 10° cycles) 
Mean stress 
25,500 psi; 


limiting range 


of stress K 
Form of test piece Psi q Values 
Unwelded bar 11,400 100 1.0 
Single-V butt weld 6,400 56 1.8 
Double-V butt weld 5,700 50 2.0 
Single-V butt weld with reinforce- 
ment removed 6,400 56 1.8 
Single-V butt weld with transverse 
fillet-welded butt straps , 200 37 2.7 
Similar model machined from solid 
metal 5,700 50 2.0 
Transverse fillet weld—symmetrical 2,100 19 5 2 
Longitudinal fillet welds 1,800 15 6.6 


The values in Table 4 show that fillet welds introduce 
a severe stress-concentration effect and that it would be 
advisable to design for smooth butt welds wherever 
possible. Combined static and dynamic loads are en- 
countered in many structures. 

A direct variable stress can be resolved into two parts, 
a constant mean or steady stress and a variable or 
In Fig. 18, the yield strength and 
ultimate tensile strength in a static tension test (KS 


reversed stress. 


0) are shown along with the endurance limit for 
reversed stress (Sp = 0). Assume that the limiting 
stress conditions for other cases are represented by 
points on these straight lines. If the endurance limit 
and yield strength or tensile strength are divided by the 
factor of safety, a straight line parallel to one of these 
lines results and represents safe design stress limits. 
Safe values of variable stress, KS, and steady stress, 
So can then be determined by this line. The endurance 
limit will be a function of the number of cycles of stress 
to be withstood in service. 

Fatigue might be considered more of a problem in 


How- 


ever, pressure-vessel stresses In service are increased and 


machine components than in pressure vessels. 


made more complex by thermal cycling and transient 
loads from vibration or impact, and should be scru- 
tinized more carefully in an effort to improve the quality 
of design work. 

The equation of the straight line relating steady 
stress, So and the variable stress, AS, (Fig. 18) and 
joining the variable working stress, S,, and the steady 


working stress, S,,. 18: 
S 
Swe 


Steady stress, So oS max + S min). Variable 
stress (in dynamic loading), KS, K X '/2(S max — 
S min) 
K(S max — S min) GS max + S min) 
KS max S,. — KS min S,. + S max S,,, + 
S min Sy 2S wo wo 
S max (S,, + ASyo) + 
S min (S,, — KSy.) = 2SueSwo (40) 
JUNE 1958 Koopman 


Simplified Examples 
Consider a butt weld in 1-in. thick steel plate with 
the weld reinforcement retained 
The tensile load varies from 10,000 to 40,000 psi. 
Obtain S max and S min in terms of the load, and caleu- 
late the weld size. 


From eq 1, S = P/hl for butt welds 


10,000 10,000 
© min : 
im. l 
10,000 10,000 
S Max 
l 


Variable (dynamic) working stress, S, 8000. psi. 
17,000 psi. 


Use other values for compression oO! shear. 


Steady (static) working stress, S 


Substitute in eq 40. Use K 1.2 
40,000 10,000 
(8000 + 1.2 * 17,000 —— (8000 — 
0.40 
1.2 & 17,000 2 X 8000 X 17,000 —— (8000 + 
0.10 - 
20,400) + (S000 20.400 0.16 K 17,000 
l 
= 2720; 11,360 1240 2720 X 1 
0,120 
5.é2 In. for dynamic loading 
For static loading in tension, S P/] P/hS. 
1000 max : 
| 2.00 1N which is too short 
lin. X 17,000 
loans P~—{ 
—F h Wy 
Fig. 17 Loading on welded butt straps 
wa £ STRESS 
T THESE LINES 
WHETHER THE YIELD 
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Fig. 18 Variable and steady stress relationship 
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and would be a dangerous design for fatigue type or 
dynamic loading. It would fail in fatigue. 
If the load varied from 40,000 psi tension to 40,000 


psi compression, 


— 40,000 
S min 
l 
10,000 
Smax = 
l 
10.000 10,000 
} 28 400) —- } (—12,400) = 272 X 10° 
11.360 1960 
2720; 2720 = 16,320 
16,320 a 
l 6 in. 
Again, the value of / 2.35 in. based on simple tension 


would be a dangerous Porn ee the weld would fail in 
fatigue, probably with relatively few cycles. 

If the welded joint is subjected to compression, use 
a value of working stress, S,, 20,000 psi and S,, 

8000 psi. For shear, S,o 10,000 psi and S,, 
5O00 psi are good representative values. 

For higher strength alloy steels, possibly use higher 
values of S,, and S For lower strength Al, Cu and 
Meg alloys, use lower values of S,,, and S, 

The alloy vendors and producers should be contacted 
for design data. An example of a typical calculation: 

Obtain S in terms of load, P, length of weld, /, diame- 
ter, D, size of fillet weld A (or thickness of plate, A). 

Consider a fillet-welded round shaft subjected to 
bending 
5.66.M 
rhD? 

5.66PL 
rhb? 


and M = PL. Therefore, 


Equation 32 8 


\ssume an alloy-steel shaft 24 in. long is to be used to 
support a load which varies from 1000 to 10,000 Ib at 
20 in. from the welded end. 

Obtain S max and S min in terms of load and ecalcu- 
late the weld size using a '/»-in. fillet weld. 

5.66 (10,000) (20 in.) _ 720,000 


MAX 
mr('/s in.) D? 
5.66 (1000) (20 in.) 72,000 
min ~ ~ > 
m('/5 n.)(D?*) D? 
Ss 7000 psi and S,,, 19.600 psi for alloy steel. 
K 1.5 at toe of fillet welds. 


Substitute in eq 40: 


120,000 7000 1.5 & 19,600) + £2,000 
( + L.o )+ 
D 
ba 10W ivestigated the W ling Research (¢ incil 


5SS Koopman 


Joint Design 


(7000 — 1.5 & 19,600) = 2(7000) (19,600) 


720, 2.000 
: 000 (36, 400) 4h (—22,400) = 274 108 
D? 
(3.64) (—2.24) = 2.74 
262 «16.1 262 — 16.1 
= 2.74; = 
D? ‘4 2.74 
245.9 
D? = 45 = 89.7: D = 9-4 in. diam 
274 


From the equation above, D? = 720,000, S max. 
Since the working stress for fillet-welded alloy steel 
in static loading equals 19,600 psi 
720,000 


D? = 19.600 ~ 36.7: D = 6.02 in. diam 


which would be a dangerous design when based on 


static stress and would fail at a relatively low number of 


cycles in fatigue during service. 
If the bar diameter were given, the size of the fillet 
weld could instead be calculated for this problem. 


Conclusion 

The previous examples show that welds to be used for 
eyelic loading or fatigue type service should be de- 
signed on the basis of lower allowable working stresses 
than welds to be used for static loading. The main 
reason for this caution is the larger part that notches 
and other stress-concentration factors play in producing 
fatigue type failures. 

In conclusion, it is strongly recommended that de- 
sign engineers refer to the WreLpDING HANDBOOK as a 
first step in designing welded joints. The WerLDING 
HANDBOOK presents a wealth of valuable information 
as well as directing the designer to the correct codes to 
be used for all types of welded structures ranging from 
machinery to pressure vessels and from bridges to air- 
craft. 

Bibliography 


1. Wetoine Hanprook, Third Edition, AMERICAN WELDING Sociery 
New York N. Y. (1950 


2. “Welding Design,’ Jennings, C. H., Toe Weioine Journat, 15 (10 
58-70 (1936 
3 Murphy, J. J., Soderberg, C. R., Jr., and Rossheim, D. B., ‘Consider 


ations Affecting More Economic But Equally Safe Pressure Vessel Con 
struction Utilizing Either Present Day Du ‘tile Materials or New High 


Strength Less Ductile Materials."’ Preprinted for the May 1955 St. Louis 
meeting of the American Petroleum Institute 

4 Miller, I. R., and Cooper, W. F., ‘“Structurs al Pri blems of a Sodium 
Cooled Nuclear Reactor,”’ ASME Paper, No. 54-SA-75 

5. Puzak, P. P., and Pellini, W. “Effect of Temperature on the Due 
tility of High-Strength Structural Stecla Loaded in the Presence of Sharp 
Cracks,”’ Naval arch Laboratory Report 4545, June 22, 195 


6 Zick, L : Phe Design of Welded Pressure 
and_ Tempered AWS Spring Meeting 1055 

7 Coffin, L. F., Jr., “A Study of the Effect of Cyclic Thermal Stresses 
on a Duetile Metal,”’ Trans. ASME, 931-950 (Augus 

8. Gross, J. H., and Stout, R. D., ‘Plastic Fatigue Properties of High 
Strength Pressure Vessel Steels,"’ Toe Wetoine Journat, 34 (4), Research 
Suppl., 161-s to 166-s (1955). 

9. Soderberg, C. R., “Working Stresses Trans. ASME, 52, Part 1, 
13-28 (1930 

10. Cooper, W. E., “Pre pened Structural Design Basis for Nuclear Re 


actor Pressure Vessels AIChE NESC Preprint 8 


11 Cazaud, R Fain 1¢ of Metals,’’ Translated by A. J. Fenner, Philos 


ophy Library, New York, N. Y 1953 


THE WELDING JOURNAL 


4 


4 
{ 
a 
ty 
| 
tr 
ty 
# 
4 
| 
« 
‘ 
af 
be 
F 
$ 


a Automatic overhead consumable-electrode welding equipment for weld-porosity investigations 


* POROSITY IN ALUMINUM-ALLOY WELDS 


Porosity in aluminum-alloy welds is caused by atmospheric 


7 contamination of shielding gas rather than by gas in the metal. Helium-argon 
~ gas ts recommended for consumable-electrode welding 
igh 


im BY F. R. COLLINS 


art 
hed SYNOPSIS. The greatest source of porosity in aluminum-alloy Oxygen and chlorine additions to argon reduce porosity but 
s8€S welds is atmospheric contamination of the shielding gas. Hydro- have disadvantages that make then ndesirable for most ap- 
= gen, formed by the reaction of water vapor with molten alumi plications 
ireh num, is responsible for nearly all porosity in aluminum | d P 
t 1, The use Of a helium-argon-mixture shie lding gas Is recomme nded ntro uction 
Re to reduce porosity The inert-gas-shielded consumable-electrode welding 
‘easive ren lun um-allov pl in lectrode can | 
_ lexcessiv ydrogen in aluminum-all plate and electrode car process has greatly increased the use of aluminum al- 
contribute to porosit but, in general, commercial aluminun 
loys in welded structures. Unfortunately, welds made 
products do not contain sufficient hydrogen to make a substantial , : : 
ontribution to porosity by this process can be porou Porosity has been at- 
\luminum-magnesium alloys give less porosity than aluminum- tributed to hydrogen in the aluminum-alloy plate and 
magnesium-silicon allovs wire. certain ty pes ol oxide films on the metal, impuri- 
eS e ng CAS Al W aging 
F. R. Collins is associated with the Aleoa Resear La vratori Alumir ul in he hi Id ng sa id eid eS onditions. 
( pany of America, New Kensington, Pa In view of these conflicting beliefs, an investigation 
Paper presented at AWS 1958 Annual Spring Meeting held in St. Lo . . . 
Apel 14-10 106m was undertaken to determine the causes of porosity in 
al JuNE 1958 Collins Welds 589 
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aluminum-alloy welds. The investigation was confined 
to the aluminum-magnesium and aluminum-magnesium- 


silicon alloys most used in welded structures. 


The Effect of Gas in Metal on Weld Porosity 
Preparation of Plate 

Aluminum plate of alloys 6061, 5052 and 5056 was 
prepared in both the degassed and artificially gassed 
conditions for comparison with commercial plate. In 
the laboratory preparation of degassed alloys, the metal 
was fluxed with chlorine until a sample, slowly frozen 
under vacuum,' showed no escape of gas during this 
freezing period and no porosity in the frozen sample. 
For the artificially-gassed alloys, steam was bubbled 
through the molten metal until the vacuum sample 
showed a large amount of gas that escaped during the 
freezing period. These frozen samples contained a large 
amount of porosity. The vacuum-cast samples of gassed 
and degassed metal are shown in Fig. 1. 

The alloys were cast as direct-chill ingots, then pre- 
heated, scalped and rolled into plate. Some alloys 
were also cast as small tilt-mold ingots which, after pre- 
heating and scalping, were extruded into wire. 


Heating Tests 

The partially melted zone in aluminum plate near 
the weld bead often contains more porosity than the 
bead itself. Presumably, the gas bubbles that form in 
the completely liquid zone can escape, whereas those 
that form in the mushy zone at the edge of the weld 
cannot. It has been proposed that the amount of poros- 
itv formed in aluminum heated to the mushy state 
measures the effect of gas in metal on the porosity of 
welds. In view of this widespread belief, a series of 
tests of this type was conducted. The effect of heat- 
ing was determined by density measurements and 
microscopic examination 

Normal commercial plate, laboratory-fabricated 
gassed and degassed plate of aluminum-magnesium and 
iluminum-magnesium-silicon alloys were heated in and 
just below the solidus-liquidus range in argon. No 
significant change in density or porosity was noted. 
This was true even though some specimens were 
heated until they were rather fluid. Specimens that 
were heated in air, however, exhibited decreased den- 
Sit and increased porosity. Both effects became more 
pronounced with increasing temperature. The amount 
of porosity was essentially the same for gassed, degassed 
and commercially prepared plate. It was concluded, 
therefore, that the porosity was caused not by dissolved 
gas in the plate, but rather by reaction with water 
vapor in the air during heating.* This test was dis- 
carded as a suitable method of determining the influ- 
ence of gas in metal upon weld porosity. 


Arc-Welding Tests 

In the inert-gas-shielded are welding of aluminum, 
it is generally possible to obtain sound downhand welds 
but much more difficult to obtain sound overhead 
In downhand welding, the gas bubbles that 
In overhead 


welds. 
form can rise to the surface and escape. 
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Fig. 1 Porosity in vacuum samples 


Fig. 2 Weld-porosity ratings 


welding, however, the bubbles are trapped by the un- 
melted portion of the plate above the weld pool. Since 
overhead welds often give porosity where downhand 
welds do not, overhead welding tests were selected to 
evaluate the effect of gas in metal on weld porosity. 
The aluminum plate was etched in sodium hydroxide, 
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Fig. 3 Porosity in overhead welds in Al-Mg alloys 


rinsed, etched in nitric acid, and again rinsed to remove 
rolling lubricant and other foreign material priot Lo 
welding. The plate was wire brushed with a clean, 
sharp rotary brush immediately prior to welding 
These treatments precluded the formation of porosity 
in the weld caused by surface contaminants 

An argon-shielded tungsten are was used to make a 
fusion pass on the underside of the cleaned aluminum 
plates. Since the argon protected the weld pool from 
moisture and other sources of hydrogen, any porosity 
formed in the weld was thought to have been caused by 
Multiple pass 


welds of this type were made on gassed, degassed and 


agglomeration of gas in the plate 


commercial plate of both aluminum-magnesium and 
aluminum-magnesium-silicon alloys. The amount of 
porosity was evaluated by radiographic examination 
and assigned a relative rating, ranging from 1 (sound 
to 5 (very porous). Representative radiographs for 
each of the different ratings are shown in Fig. 2 

Porosity in artificially gassed aluminum alloys in- 
creased with the number of passes. It is thought that 
each pass permitted more of the gas to agglomerate 
into detectable porosit ¥. Since porosity increased 
with each pass, it was convenient to plot porosity rating 
vs. the number of passes for each of the alloys and gas 
contents. 

Overhead fusion welds on degassed 5052 and 5056 
plate showed low porosity even after six passes. Arti- 
ficially gassed 5052 and 5056 alloy plate, on the other 
hand, gave moderately porous one-pass welds (porosity 
rating 3) and the porosity rating increased with each 
subsequent pass. Commercially fabricated plate of 
3004, 5052, 5154, 5056 and 5356 alloys all showed low 
porosity. Figure 3 presents these data as a plot of 
porosity vs. passes for artificially gassed, degassed and 
commercially fabricated aluminum-magnesium alloy 
plate. 

Welds in 6061 alloy plate showed the same general 
relation between porosity and gas content. However, 
the porosity ratings of gassed, degassed and com- 
mercial plate increased markedly with the number 


of passes (Fig. 4). Magnesium silicide (Mg,Si) 
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Fig. 4 Porosity in overhead welds in Al-Mg-Si alloys 
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Fig. 5 Porosity in overhead welds in Al-Mg-Si alloys 
is known to react rapid moisture. Absorbed 
moisture on the surface of aluminum-magnesium- 
silicon alloy plate may be the cause of the in- 
creased porosity Porosity Wis substantially reduced 
for 6061 alloy plates from which 0.020 in. had been dry- 


machined a short time before welding. As shown in 


Fig. 5, the porosity was still dependent on the gas con- 
tent of the plate 

From the results of the overhead welding tests, it 
has been concluded that while gas in aluminum-mag- 
nesium alloy plate can contribute to weld porosity, 
commercially fabricated plate does not contain sufficient 
gas to cause substantial porosity In general, a 
slightly higher level of porosity can be expected when 
welding aluminum-magnesium-silicon alloys than when 


welding aluminum-magnesium alloys. 


The Effect of Gas in Electrode 
on Porosity in Welds 

To evaluate the effect of gas in the electrode on 
porosity, overhead welds were made using both the 
tungsten-are and consumable-electrode processes. The 
overhead tungsten-arc welds were made by filling a 
groove in 3004 alloy plate. 

Greater porosity occurred in welds made with arti- 
ficially gassed wire than in those made with degassed 
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Table 1—Porosity of Overhead Tungsten-Arc Welds as a 
Function of Filler-Wire Alloy and Gas Content 
Average 


porosily 


Wire alloy Condition Plate alloy rating 
No filler 3004 1.3 
Al-Mg* CGassed 3004 1.6 
Al-Mg* Degassed 3004 1.3 
10438 Cassed 3004 3.4 
1045 Degassed 3004 2.1 
1043 Commercial 3004 2.5 


*Al + 4.25 Mg + 0.1 Cr + 0.1 Mn. 


electrodes. Commercially fabricated wire produced 
welds of a porosity rating nearly as low as degassed wire. 
For equivalent gas content, the aluminum-magnesium 
alloy wires gave less porosity than 40438 alloy wire. 
These results are summarized in Table 1. As was the 
case for aluminum-alloy plate, commercial aluminum- 
alloy electrodes did not contain enough gas to make a 
substantial contribution to porosity. 

Overhead consumable-electrode welds were made 
using several commercial aluminum-magnesium and 
1043 alloy electrodes. Welding conditions for the * y.- 
in. diam electrode were maintained at 27 v, 240 amp, 
DCRP, 40-ipm travel speed by automatic equipment. 
Argon shielding was used. Slightly more porosity re- 
sulted with 4045 alloy electrode than with aluminum- 
magnesium alloy electrode. The composition of the 
plate alloy had no detectable effect upon the porosity 
of overhead consumable-electrode welds. This ap- 
peared to be logical since the surface area and volume 
of filler wire directly involved in making the weld 
greatly exceeded that of the plate alloy. Data from 
the overhead consumable-electrode welds are presented 
in Table 2 


When sound consumable-eleetrode overhead welds 


were remelted with a tungsten are in the overhead posi- 36 
T > T T T T 
tion without adding filler metal, the average porosity 
rating increased from 2 to 4. This showed that even 
34 4 
though consumable-electrode welds were relatively 
sound radiographically, they did nevertheless contain 
substantial amounts of gas. 32 4 
All-weld-metal specimens from consumable-electrode 
welds contained approximately 1.8 ce 100 g, whereas 4 
commercially fabricated wire or plate contains about Ps 
28 7 4 
> 7 
Table 2—Porosity of Overhead Consumable-Electrode 
Welds as a Function of Electrode and Plate Alloy & 26 . 
Average 
Electrode porosity 
alloy Condition Plate alloy rating 24 5 cnaee "7 
515 Commerci: 5052 7 1.3 = AVERA 
5154 ‘ommer ial l POROSITY 
5356 Commercial 5052 1.5 RATING 
1043 Commercial 3.0 
Al-Mg* Commercial 1100 2.0 
Al-Mg* Commercial! 3004 2 17 5154 ELECTRODE 
Al-Mg* Commercial 5052 1.77 20 1 
Al-Mg* Commercial 5056 1.5* 180 200 220 240 260 280 300 320 
WELDING CURRENT AMPERES, DCRP 
* 5052, 5154 and 5356. Fig. 6 Current-voltage porosity diagram for overhead 
* Average for 5052, 5154 and 5356 electrodes. consumable-electrode welds with various shielding gases 
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0.3 ce H:/100 g. These gas contents were measured 
using the technique* of heating the metal in a vacuum 
and determining the amount of evolved hydrogen. 
The gas content of the weld metal was high even though 
degassed plate and wire were used. It was assumed, 
therefore, that hydrogen entered the weld area from 
some source other than the plate or wire. 

It was concluded that large amounts of gas can be 
present in consumable-electrode welds, but that is 
generally so finely dispersed that it cannot be detected 
radiographically. In this form, gas in the weld has no 
known effect upon mechanical properties. 

Effect of Welding Conditions and Shielding-Gas 
Composition on Weld Porosity 

Clean, commercially fabricated aluminum plate and 
wire having been exonerated as causative factors of weld 
porosity, the bulk of porosity was thought to be caused 
by atmospheric contamination of the shielding gas. 
Dowd*' pointed out the advantages of 65°, helium 
35°% argon shielding gas for porosity-free welding. The 
shaded areas in Fig. 6 represent, for */:-in. diam elec- 
trode, the porosity-free range of arc voltage and current 
for overhead welds in three shielding-gas compositions. 
Similar diagrams could be plotted for other electrode 
diameters, with only the ampere scale changing to show 
equivalent electrode-current densities. 

With helium-argon shielding, sound welds are more 
apt to be deposited over the range of current and volt- 
age conditions encountered in commercial welding than 
with pure argon. As Dowd pointed out, the helium- 
argon mixture provides a sound weld under all condi- 
tions where it is convenient to deposit a weld bead 

Several explanations for the decrease in porosity occa- 
sioned by the use of helium-argon shielding have been 


proposed During the welding operation, metal flow 


’ 
4 
3 


is better and oxide removal proceeds more satisfactorily 
than in either helium or argon alone. In addition, the 
helium-argon atmosphere produces more stable, spray- 
type metal transfer than either helium or argon alone. 
With the smoother arc, there is less chance for atmos- 
pheric contamination of the shielding gas 

It was not known whether the helium-argon mixture 
decreased the gas content of the weld or merely dis- 
persed the hydrogen. Overhead consumable-electrode 
welds were remelted in the overhead position using a 
tungsten arc. Figure 7 shows the porosity in these 
welds before and after refusion. The porosity rating 
of re-fused consumable-electrode welds made in argon 
increased from 2 to 4' Welds made with argon- 
helium shielding, on the other hand, increased from | 
to 3. The helium-argon and proper current and volt- 
age conditions, therefore, not only reduced porosity 
but. in addition, reduced the gas content of the weld 
bead. 

To substantiate this conclusion, gis analyses were 
conducted on all-weld-metal samples. The gas content 
of the weld metal taken from a bead deposited in argon 
showed 2.0 ce H./100 g, whereas a sample taken from 
a weld made in helium-argon showed only 1.3. ce 
H./100 g. 

Small additions of chlorine and other halogen gases 
to the argon for consumable-elect rode welding have 
heen proposed to reduce weld porosity Chlorine from 
0.06 to 0.20%, by volume was added to shielding gases 


f argon, helium and helium-argon In these concen- 


trations, chlorine with argon or helium reduced porosity 
However, the beneficial effect was less than that pro- 
duced by helium-argon. Moreover, chlorine added to 
helium-argon showed no discernible improvement 
Chlorine, even when premixed with argon in a special 
evlinder, was difficult to handle caused operator dis- 
Chlorine 
also left a slight film of aluminum chloride on the cool 
This film, un- 


comfort and corroded welding equipment 


aluminum adjacent to the weld bead 
less removed, could accelerate corrosion 

Chlorinated hydrocarbon gases such as the freons 
and geons were added to argon in amounts from 0.05 to 
3.0%. It was hoped that the high are temperature 
would break down these gases and liberate free chlorine. 
Their use. however, resulted in a carbonaceous residue 
that reduced wetting. 

Nitrogen, hydrogen, methane, carbon monoxide and 
carbon dioxide added at 0.01 to 10° to the shielding 
gas produced black-appearing welds containing inclu- 
sions and increased the porosity. Oxygen, in concen- 
trations up to 1%, reduced porosity slightly and in- 
creased the penetration. However, more oxide was 
formed. both at the surface and in the interior of the 
weld. None of these additions approached the ability 
of the 65% helium — 35% argon gas mixture to reduce 


porosity. 


Summary 
The greatest source of porosity in inert-gas-shielded 


consumable-electrode welds in aluminum is atmos- 
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Fig. 7 Porosity in overhead consumable-electrode welds 


pheric contamination of the shielding gas during weld- 
ing. Such contamination is especially likely if the are 
Is unsteady, as when welding with incorrectly adjusted 
are voltage or current, and can be minimized by i 
helium-argon shielding gas 

Excessive gas in aluminum plate or electrode can 
contribute to porosity. Commercial alloys, however, 
generally do not contain sufhicient gas to make a sub- 
stantial contribution to porosity 


give 


Aluminum-magnesium al lower weld poros- 


itv than aluminum alloys because 
of their less reactive surtaces 


Oxygen and chlorine additions to argon, while reduc- 


ing porosity, appear to have disadvantages that make 
them undesirable for most applications 

Finely dispersed hydrogen has no known effect on 
the mechanical properties of aluminum-alloy welds 
However. inclusions oxide films and other discon- 


tinuities in aluminum-alloy welds can reduce their 
strength. Methods for reducing these discontinuities 
are being studied 

No combination of shielding gas 01 welding technique 


will produce sound welds on dirty aluminum plate. 


Oxide and oil films must be removed prior to welding 
Clean aluminum, welded using the correct current and 
voltage, and the proper shielding gas, will give sound 


consumable-electrode welds in all positions. 
| 
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Fig. | Six all-welded arches span the main arena of school structure. First four are about 89 ft long and connect at the 


right to 40-ft arches to form a continuous double span 


WIDE-SPAN ARCHES FOR RIGID-FRAME SCHOOL 
STRUCTURE ARE COMPLETELY ARC WELDED 


BY WILLIAM F. FISCHER 


Backbone of a new rigid-frame structure at Madison 
Elementary School No. 6 in Maricopa County, Phoenix, 
Ariz., is a system of six single-span and double-span 
fabricated arches. They are spaced on 21-ft centers, 
the four longer spans being 88 ft 10*/;in., and 40 ft, re- 
spectively; the single spans, 76 ft 8 in. (Fig. 1). This 
forms three principal arenas—a main auditorium (or 
cafeteria, if desired) 77 x 89 ft; an adjoining wing, 40 x 
63 ft for food preparation; and an end section, 52 x 77 
ft (Fig. 6). 

Double-span arches overhang supporting columns by 
10 ft on the long-span side, 5 ft on the opposite side, to 
form outside canopies (Fig. 2). The single-span over- 
hang is 10 ft on either side. Columns at the outer ends 
of the arches have tapered webs of '/2-in. plate, 18 in. 
wide at the top and 9 in. at the base (Fig. 3). Inside 
flange is vertical, while the outer member flares out, 
both being of 1*/4-in. plate, 12 in. wide. 

Center columns of the double spans are of uniform 
weld-fabricated section, equivalent to an 18 WF 85-lb 
beam (Fig. 4). Columns are about 13 ft high to the top 
flange of the arch. The latter is formed to a radius of 
150 ft 6 in. on the long spans, bringing the center to 17 
ft above floor level. Opposing column base plates are 
bolted to concrete footings and are joined by 2-in. tie- 
rods, with a center turnbuckle pulled up tightly before 
the floor is poured. 


William F. Fischer is a welding engineer, The Lincoln Electric Co. 
Phoenix, Ariz. 
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The long spans of the double arches are spliced at a 
point 16 ft from the outer columns and 9 ft from the 
center supports. The 76-ft 8-in. spans are similarly 
splice welded 8 ft from the columns. Shorter 40-ft 
arches are continuous. All are specified as 18 WF 77-lb 
Tor 


beams, with a fabricator’s option of welding 
flange plates, 9 in. wide, to a '/s-in. web, 16'/» in. deep. 


Fig. 2 Outer end of arch and 10-ft overhang beam are 
welded to tapered columns in the fabricating shop. Note 
tapered flanges on the arch end at point where connection 
to main span is made 
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Columns are tied together laterally by 12 WF 27-lb 
beams, as are the arches at approximately their center- 
line. Between these lateral beams are open-truss 
joists welded to the arches on 6- and 5-ft centers for the 


shorter arch of the double-span area. 


Fig. 3 Two spans for the 89-ft arches are in position for 
welding at the fabricator’s yard. Web is '/»-in. plate, 18 
in. deep; flanges, i¢ in, 9 in. wide. Welds are inter- 
mittent chain type 


Sy 


Fig. 4 Center column of double-span arch is of uniform 
section, with heavy base plate for bolting to foundation 
pier. Columns are braced by tierods to the bases, making 
a completely rigid frame 


Fig. 5 Detail of column-to-arch connection, showing mas- 
sive multiple-pass arc welds. Plate ends are double- 
beveled for full-weld penetration. Plate sections are 1' , 
in. thick 

Roof framing is completed by welding bulb tee pur- 
lins parallel to the arches Then, a combination of 
formboard and 2 in. of poured gypsum is applied. 

Included among the reasons that architects Lesher 
and Mahoney of Phoenix decided on the novel struc- 
tural system are the continuity of form with other 
curved-roof structures in the area, minimum waste 
cubeage with maximum unobstructed inner area and 
saving in steel. Structural steel aggregated only 80 
tons, exclusive of roof joists and purlins, a weight con- 
siderably less than would have been required by con- 
ventional girder and column construction, 

Analysis of stresses in arch frames by classical meth- 
ods is apt to be rather tedious The consulting engi- 
neer, Walter Riley of Phoenix, developed a modified 
moment-distribution method which proved practical in 
the present instance. Thrusts and moments may be 
calculated quickly with the aid of formulas and a slide 
rule. * 

Manual are welding of all sections was done in the 
shops of Acme Steel Co., ivhoenix, and also at the erec- 
tion site. Each of the large-span frames was welded to- 
gether flat on the ground from which point the arch 
and columns were raised to position. The short-span 
arches were welded to columns in the vertical position. 
From the illustrations, it will be noted that the columns 
carry a short length of the arch, with flanges tapered 1 


* A detailed discussion of the technique was published in the April 1957 
sue of the Journal of the American Concrete Institute Vol. 28, No. 10 


Fig. 6 Complete structure provides three arenas to give flexibility in meeting the eating and assembly needs of Madison 


Elementary School, Phoenix, Ariz. 
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ft back of the splice line to match the narrower flange 
width of the main arch section. 

The long arch spans were assembled by intermittent 
or chain-type fillet welds between webs and flanges, as 
the elements rested on rails as illustrated. Submerged- 
are automatic welding equipment might have been put 
to profitable use on these long joints, but it was not 
available at the time. Angle brackets were welded in 
place along the arch webs to hold the roof joists. 

Erection began at the west end of the building by 


setting up the first 89-ft arch assembly. Then, the 
other long arches were set up in succession, with struts 
and joists being filled in as each arch went up. Next, 
the two 77-ft arches were positioned and, finally, the 
connecting 40-ft arches. 

An accompanying sketch of the arch detail and the 
column connections indicates how the plate ends were 
double-beveled for full-weld penetration (Fig. 5). This 
procedure was followed in all joints transmitting the 
principal loads. 


TUNGSTEN-ARC WELDING RAISES OUTPUT 
OF ALUMINUM WINDOW FRAMES 


Aluminum window frames and doors have won wide 
approval among home-owners and builders because of 
their ease of maintenance. Due to an increased de- 
mand, manufacturers have sought ways to raise out- 
put—and inert-gas tungsten-are welding has solved 
their problem. 

Trim Slide Window Corp. of Farmingdale, L. I., has 
used this process to speed substantially production and 
cut costs—$3.50 per frame. Capital Products Corp. 
of Mechanicsburg, Pa., is another aluminum frame 
manufacturer who uses inert-gas tungsten-are welding 
to good advantage. 


Based on a story by the Linde Co., New York, N. Y 


\ 


Fig. 1 Welding operator welds one corner of an aluminum 
window frame 
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Frame sides for the aluminum windows are cut to 
size and then rinsed with hot water. Corner joints to 
be fabricated are clamped in a jig mounted on a plat- 
form to accommodate any size frame. ‘The jig holds 
the frame firmly in place during welding, and conducts 
heat from the weld area. 

An envelope of inert argon gas surrounds the are 
and molten puddle, shielding the weld zone from the 
atmosphere and preventing weld contamination. No 
flux is needed in the operation. 

With inert-gas tungsten-are welding, high-quality 
welds are easily obtainable. The operation is quick and 
simple—assembly time for a complete frame is only four 
minutes. 


Fig. 2. This is part of a day’s production at Capital Prod- 
ucts Corp. in Mechanicsburg, Pa. 
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WELDING BUILDS 


“TRANSPORTATION CASKS” FOR 
RADIOACTIVE MATERIALS 


BY P. E. WOODWARD 


A current project at O. G. Kelley and Co. Boston, 
Mass., is the fabrication of eight lead-filled ‘ transporta- 
tion casks’”’ for the shipping of radioactive materials 
(see Fig. 1) This job requires 13,000 ft of welding by a 
gas-shielded metal-are machine welding installation on 
stainless-clad material. The lead wall and cover of this 
vault, which has a thickness of 8* ,in., is homogeneously 
bonded to the carbon-steel side of the stainless-clad in- 
terior and exterior surfaces of the cask which has hun- 


dreds of ‘‘fins’”’ for heat transfer (see Fig. 2 


seaffolding erected especially for the welding opera- 
tion permits use of a platform “elevator”? with equip- 
ment for making machine welds on the fins at various 
levels, many of them over four feet long. There are 98 
fins on each of the four sides of the cask and specifica- 
tions call for full penetration welds on ' »-in. thick ma- 


terial with 45-deg bevels These welds are made in 


P. E. Woodward is Process Engineer for the Air Reduction Sales Co., Boston 
District 


Fig. 1 Completed transportation cask for shipping radio- 
active materials 
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three passes using 308 stainless filler wire within a shield- 


see Fig. 3). 


ing gas mixture of argon and helium 


Fig. 2. Series of stainless fins for heat transfer which have 
been welded 


Fig. 3 Welding gun shown in position for machine weld 
on fin 
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; Enthusiasm and Optimism Prevail 
at 39th Annual Meeting 


Large crowds atlend week-long program at Hotel Statler and Kiel Auditorium in St. Louis 


The true spirit of St. Louis weleomed 
the thousands of visitors who attended 
the successful 39th Annual Meeting and 
the 6th Welding Show of the AMERICAN 
WELDING Society during the week of 
April 14th. Registration for the tech- 
nical sessions reached the official mark 
of 1389, while close to 8800 individuals 
passed through the portals of Kiel 
Auditorium to view the exhibits of 128 
companies. 

Among those present were many 
visitors from other areas of the world. 
Some came from as far away as New 
South Wales, Australia. 


Awards Given At 
Opening Session 


J. E. Dato, convention chairman, of- 


This Monday morning confusion was soon restored to good order by Convention __ ficially opened the five-day meeting at 


Chairman Dato's gavel in the adjoining Grand Ballroom. It marked the official the initial session on Monday morning, 
“ beginning of our Society's 1958 Annual Spring Meeting April 14th, in the Grand Ballroom of the 
Hotel Statler. A capacity audience 


later listened to President C. P. Sander 
discuss welding’s important position in 
this new age of metals. 

At this same session, various leaders 
were honored for their outstanding 
achievements in the field of welding. 
Meritorious Certificate Awards were 
presented to: C. A. Babbitt, T. Em- 
bury Jones, L. C. Monroe, A. J. Moses, 
Herbert Rogers, D. C. Smith, Thomas 
B. Smith, 8. W. Snell, Robert E. Somers, 
H. 8. Swan, Harry Udin, J. F. Wagner 
and Walter H. Wooding. Three men, 
namely, O. B. Bowers, G. E. Linnert 
and I. Morrison, were not present to 
receive their awards. These men were 
awarded the certificates in “recognition 
of their efforts and their contributions to 
the advancement of welding.” 


The National Meritorious Certificate Ey 
14 Award went to Clarence Jackson, staff i] 
3 President C. P.“Sander welcomes the overflow crowd of members and guests engineer, Linde Development Labora- : 
= present at the opening session of the St. Louis Meeting. In his address, Sandy"’ tory. Inasmuch as Mr. Jackson was in | 
- stressed the importance of welding in this new age of metals Europe at the time of the presentation, 4 
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the award was accepted on his behalf by 
Norman Davis. Mr. Jackson was 
selected “in recognition of his counsel, 
loyalty and devotion to the affairs of 
the Socrety and his outstanding contri- 
butions of time and effort in behalf of 
the Socrery.”’ 

Leon C. Bibber, chief research engi- 
neer—welding, United States Steel 
Corp., was made an Honorary Member 
of the Socrery in recognition of “his ex- 
ceptional accomplishments in the de- 
velopment of the welding art.” 

Lynn 8. Beedle, research associate 
professor and chairman of the Struc- 
tural Metals Division at Lehigh Uni- 
versity’s Fritz Laboratory, and George 
C. Driscoll, Jr., research instructor, De- 
partment of Civil Engineering at the 
same school, were awarded the A. F. 
Davis Silver Medal for their paper, 
“The Plastic Behavior of Structural 
Members and Frames.”’ This paper was 
originally published in the June 1957 
issue of THE WELDING JoURNAL. Mr. 
Driscoll was present to accept on behalf 
of the co-authors. 

Perry C. Arnold, chief field welding 
engineer for the Chicago Bridge and 
Iron Co., was presented with the J. F. 
Lincoln Gold Medal for his paper, 
“Problems Associated with the Welding 
of T-1 Material,’ published in the 
August 1957 issue of THe WELDING 
JOURNAL and selected by the Committee 
of Awards for “its originality and value.”’ 

R. D. Thomas, Jr., president of the 
Arcos Corp., was awarded the Samuel 
Wylie Miller Medal for ‘meritorious 
ichievement which has contributed 
onspicuously to the advancement of the 
art of welding and cutting.” 


Election of Officers 
Announced 


During the annual business meeting 
held as part of the initial session, the 
election of a new slate of officers was 
officially announced. Their terms will 
commence on June Ist. 

The officers, as reported in the May 
issue of THe WELDING JOURNAL are as 
follows: President, G. O. Hoglund: 
First Vice-President, Charles I. Mac- 
Gufhe; Second Vice-President, R.Day id 
Thomas dr. 

Directors-at-Large are: Arthur A. 
Holzbaur, Donald B. Howard, Clarence 
Ii. Jackson and Jack L. York. 

Elected as Regional Directors were: 
District 2, Middle Eastern, Ernest E 
Goehringer: District 4, Southeast, Ed- 
ward C, Miller; District 6, Central 
James N. Aleock; District 8, Midwest. 
Frank G. Singleton: District 10, 
Western, Francis V. McGinley. 


Adams Lecture Impressive 


Ernest F. Nippes, professor of metal- 
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The transfer of leadership is symbolized as President Sander passes the gavel on 
to President-Elect G. O. Hoglund during the Annual Business Session 


(Left) President-Elect Hoglund formally accepts the presidency of AWS at the 
Monday morning opening session. (Right) W. L. Fleischmann, conference chairman 
of the ASME Coordination Committee, addresses those present on behalf of the 
American Society of Mechanical Engineers. The ASME Metals Engineering Divi- 
sion participated in the technical program by sponsoring four papers sessions 


Second Vice-President-Elect R. David Thomas, Jr. (right), receives the Samuel Wylie 
Miller Memorial Medal from President Sander in recognition of his contributions to 
the art of welding and cutting 
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Leon C. Bibber accepts a certificate enrolling him as an 
Honorary Member of the Society from President Sander 


Ernest F. Nippes (right) is presented with the 1958 Adams Lec- 
ture certificate by President Sander. 
Weld Heat-Affected Zone,"’ was delivered before the largest 


Dr. Nippes’ paper, "The 


audience ever to attend an Adams Lecture 


President Sander awards the J. F. Lincoln Gold Medal to 
Perry C. Arnold for his paper, "Problems Associated with 


the Welding of T-1 Steel” 


lurgical engineering and director of weld- 
ing research at Rensselaer Polytechnic 
Institute, was the Adams Lecturer at the 
opening session He spoke on “The 
Weld Heat-Affected Zone.’ The honor 
of presenting the Adams Lecture is be- 
stowed annually upon an outstanding 
scientist or engineer who has made a 
valuable contribution to the field of 
welding. Dr. Nippes explained that his 
topic had been prompted by the keen 
interest exhibited by the welding labora- 
tory at Rensselaer in the effect of weld 
thermal cycles on the microstructure 
and mechanical behavior of base metal 
in the heat-affected zones. He de- 
scribed apparatus which had been de- 
veloped to permit exact duplication of 
any weld thermal cycle in a specimen 
of suitable size for subsequent mechani- 
Also, he emphasized the 
the ability 
to create finite volumes of any particular 


cal testing. 
advantage of this approach 
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Silver Medal from President Sander. 


George C. Driscoll, Jr., of Lehigh University accepts the A. F. Davis 


Mr. Driscoll and his co- 


author, Lynn S. Beedle, won the award for their joint paper, ‘The 
Plastic Behavior of Structural Members and Frames” 


weld heat-affected zone structure at 
will, this permitting careful study of the 
microstructural changes produced by 
welding and correlation of such changes 
with physical and mechanical behavior. 


ASME Cooperates 
on Sessions 


Throughout the remainder of the week, 
a total of 63 papers was presented at the 
technical sessions. Some of the papers 
attracted audiences of close to 400 
people. 

Seventeen of the technical sessions 
were held under the sponsorship of the 
AMERICAN WELDING Society. Coverage 
was given to such subjects as steel weld- 
ability and research; designing for 
welding; welding ares and heat flow; 
resistance welding; aluminum and mag- 
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nesium; titanium; uranium, titanium 
and high-nickel alloys; brazing; welded 
structures; gas-shielded welding; sub- 
merged-are welding; and application, 
equipment and inspection. 

The Metals Engineering Division of 
the American Society of Mechanical 
Engineers cooperated with AWS in the 
sponsorship of four additional technical 
sessions. These dealt with such topics as 
strength of welds; mating of structural 
properties with design; design and ma- 
terial for low-temperature application; 
and casting weldments. 

The opening ASME-sponsored session 
on Wednesday morning was attended 
by James N. Landis, president of 
ASME. Mr. Landis, who is vice presi- 
dent of Bechtel Corp., San Francisco, 
Calif., noted the fine cooperation be- 
tween the two societies and expressed 
a desire for a continued amiable relation- 
ship. 
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This time President Sander is on the receiving end. 
Past-President J. J. Chyle presents “Sandy” with a 
certificate and pin entitling him to Life Membership 


in AWS 


E. H. Holder (left), Pascagoula Section, and H. H. Comstock (center), 
Chicago Section, accept membership awards on behalf of their re- 
spective sections from President Sander. 


During the 1957-58 fiscal 


year, the Pascagoula Section had the greatest percentage increase 
in membership, while the Chicago Section showed the largest nu- 


merical gain 


Meritorious Certificate Awards are proudly displayed by the recipients. 


Shown in front row 


are (left to right) Harry Udin, C. A. Babbitt, H. S. Swan, President Sander, T. B. Smith, A. J. 


Moses and D. C. Smith. 


The top row (left to right) consists of T. E. Jones, S. W. Snell, R. E. 


Somers, Herbert Rogers, J. F. Wagner, L. C. Monroe and W. H. Wooding. Others who won 


similar honors, but were not present, included O. B. Bowers, G. E. Linnert and |. Morrison 


Success Marks 
Featured Activities 


Professor Earl R. Parker, University 
of California, explained the ‘‘Engineer- 
ing Behavior of Welded Structures” at 
the Educational Lecture Series pre- 
sented on Monday and Tuesday after- 
noons. This activity was under the 
lirect sponsorship of the Educational 
\ctivities Committee. 

At another meeting sponsored by the 
Educational Activities Committee, J. H. 
Humberstone. president of Air Reduc- 
tion Sales Co., and R. D. Stout, head of 
Lehigh Department of 
Metallurgical Engineering, spoke on the 


University’s 


need for educational expansion and im- 
provement in the welding industry. Ad- 
ditional details are given in a later sec- 
tion of this issue. 

Also on Tuesday afternoon, an in- 
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formal pane] discussion was held in Kiel 
Auditorium on ‘Practical Shop Opera- 
tions.”” Ted Jefferson, editor of Welding 
Engineer, served as chairman of the 
panel The latter group consisted of 
A. Adkins, H. Jackson, H. L. 
MecElhoe, P. G. Parks and A. A. Wald. 

James F. Lincoln, chairman of the 
board, The Lincoln Electrie Co., ad- 
dressed a full room at the Sustaining 
Members’ luncheon on Thursday. Mr 
Lincoln’s subject was “How to Meet 
Today’s Needs in Metal Fabrication.”’ 
Past-President J. J. Chyle presided at 
this important affair. 


Bennett Cerf Speaks 
at Banquet 


felaxation was in order on Monday 


evening at the traditional President’s 


feception. Here the usual, pleasant 


Socve ly Ne ws 


uston of meeting national officers, 
staff officers friends and the re- 
ney acquaintances was enjoyed 
by some 600 AWS members and guests 
present. Immediate following the re- 
eption, the Annual Banquet, spon- 
sort the St. Louis Section, was held 
n the Grand Ballroom. Featured at 
the affair were two humorists who enter- 


tained the large throng in attendance. 
A. Carl Weber served as toastmaster on 
this occasion to the de light ol the diners. 
He was followed by the nationally 
known Bennett Cerf, who deviated from 
his talk of ‘‘Changing Stvles in American 
Humor” long enough to note that ‘‘fol- 
lowing Colone| Weber was like following 
Bob Hope.” Mr. Cerf, publisher of 
Random Hous and TV panelist on 

What’s My Line,” pointed out the 


worth-while effect a number of Ameri- 


can comedians have made on the in- 


ternational scene. 
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Large Crowds Attend 
Plant Tours 


Nearly 400 persons took advantage of 


- 


the excellent plant tours arranged by the 
St. Louis Section. The Wednesday 
group journeyed to the A. O. Smith 
Corp. plant in Granite City, IIL, to see 
the mass-production assembly line of 


“Sandy” poses with the top three elected officers of AWS who will guide the 
destinies of our Society during the 1958-59 fiscal year. Next to our outgoing 
president are (left to right) President-Elect Hoglund, First Vice-President-Elect 
MacGuffie and Second Vice-President-Elect Thomas 


Hand clasps and smiles are the ‘order of the evening” as the National Officers meet 
their fellow men of welding in the receiving line at the President's Reception. 
Gala event was held in the Statler's St. Louis Room on Monday evening 


Bennett ‘What's My Line” Cerf, principal speaker at the Annual Banquet, seems to 
be having his troubles keeping up with National Secretary F. L. Plummer, President 


Sander and President-Elect Hoglund 
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the new all-welded Chevrolet automo- 
bile body frame. The Midwest Piping 
Co. plant, St. Louis, Mo., major fabrica- 
tors of pressure and process piping for 
all industrial applications, was visited on 
Thursday morning. Here, the AWS 
visitors witnessed, among other things, 
the fabrication of a low-alloy steel pip- 
ing with an OD of 22 in. and a wall thick- 
ness of 4 in. 


Ladies’ Program Excels 


One hundred and eleven ladies regis- 
tered for the successful ladies’ program. 
During a week replete with luncheons, 
coffee hours and teas, the fairer sex 
found time to visit such St. Louis land- 
marks as the Jewel Box floral display, 
the Mississippi riverfront and levee, 
August Busch’s baronial estate and 
even Stan Musial’s Restaurant. 


Welding Show Opens 


President-Elect G. O. Hoglund cli- 
maxed the colorful ceremony at Kiel 
Auditorium on Tuesday morning by ex- 
pertly cutting the aluminum chain, 
marking the official opening of the 6th 
Annual Welding Show. Valued at $2,- 
500,000, the displays in the auditorium 
covered more than 33,000 sq ft of floor 
space. Official registrations for the show 
totaled 8743. Not included in this tally 
were a thousand or more others from the 
area, namely, students from the city’s 
universities, vocational, trade and high 
schools. The continuous flow of in- 
terested individuals toured the exhibits 
to note the latest advances in the art of 
welding. Many of the booths contained 
live exhibits, encompassing practically 
every facet of welding and its allied proc- 
esses. One corner of the exhibit hall was 
devoted to welded products of manu- 
facturers in the St. Louis area. 

The success of the 1958 Annual Spring 
Meeting and the 6th Welding Show 
would not have been so great were it not 
for the tireless efforts expended and the 
sincere cooperation given by the mem- 
bers of the St. Louis Section. It is only 
fitting to acknowledge the work of the 
following committee chairmen: H. M. 
Gillerman, chairman of the arrange- 
ments committee; D. 8. Lewis, dinner; 
E. G. Burrow, hospitality; H. W. Castle, 
housing; N. Nyberg, ladies’ entertain- 
ment; R. R. Fayer, meeting sessions; 
R. G. Alm, personnel; EE. G. Mathae 
plant tours; G. O. Biand, president's 
reception; J. W. Punch, publicity; T. J. 
Ryan, Jr., signs; L. J. Winkeler, tech- 
nical; H. G. Cave, ticket sales; R. A 
Near, transportation; and I. L. Polick, 
welded products. Credit is also in order 
for P. C. Enslin, chairman of the St. 
Louis Section, and L. W. Morrell, St. 
Louis representative for ASME. 
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A partial view of the banquet, effectively organized by the St. Louis Section, catches the diners well aware between courses 
in the Statler’s Grand Ballroom on Monday evening 


Presidential Address 


By C. P. SANDER 


President, 1957-58, American Welding Society 


On this opening day of our Annual 
Meeting of the AmerRICAN WELDING 
Society in St. Louis located near 
the center of our country, I bring you 
greetings trom the four corners and the 
WELDING Socrety Sections of those 
areas, most of whom are represented 
here today. We have been looking 
forward to this week with anticipation 
and I am certain that we shall not be 
disappointed. We appreciate your ef- 
forts and are glad to have been invited 
here 

The AmerRiIcAN WELDING 
now has 79 active Sections of which 
Providence, R. I. is the newest one 
with over one hundred thirty members. 
We have requests for 3 additional new 
sections on which organizational work 
Our membership 
# nearly 13,000 has been maintained 


is now under way. 


even though we increased dues the past 
year as well as experiencing a recession 
of business in general the last few 
months. 

3eing located on the far West Coast, 
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I have spent much time in air travel 
trying to help fulfill the duties expected 
of one as President of your Socrery. 
To me this has been a busy and interest- 
ing year. I have visited as mapy 
Sections and functions as time would 
allow, in most places having our Na- 
tional Secretary as a team-mate. The 
welcomes extended and the courtesies 
shown, have been an inspiration that 
shall not soon be forgotten. 

I wish to give credit and voice ap- 
preciation to the other officers and 
directors of the AmrRIcCAN WELDING 
Society for their fine cooperative at- 
titude and efforts on behalf of our 
SOCIETY activities. 

I particularly desire to express recog- 
nition on behalf of the Socirery to the 
fine way in which Fred L. Plummer has 
taken over the responsibilities as oul 
National Secretary. He has had the 
whole-hearted and loyal support of 
our fine headquarters staff and to- 
gether they have shown real teamwork 
and progress. 

Our Treasurer’s report will show 
that we have opt rated this vear within 
the budget and maintained our reserves 
intact. 

The Technical Activities functions 
of our Soctety have been well handled. 
The numerous Technical Committees 
have been active with scores of meetings 


ly Ne ws 


and sessions held. Numerous publi- 
cations and code revisions have been 
accomplished. Revised pricing and dis- 


count policies for AWS publications 


have bee l sed with a view to possl- 
bly making this activity of our Socirry 
self-supporting financially. 

I ou take til to review the report 


of the Handbook Committee you will 
find that our first Section of the new 
WeLDING HaNpBOOK has received an 


excellent re tio! The second section 
is well on its for publication this 
fall as scheduled 


Have you noticed the new features 
f our WELDING JouRNAL? This pub- 
lication seems to improve each vear. 
The latest feature includes International 
Welding News, a systematic coverage 
that will help keep our members in- 
formed on important technical articles 
foreign language pub- 
This should provide inter- 
esting and valuable information and 
help keep us abreast of new welding 
abrication advances and in research on 
|, mechanical and metallurgical 
subjects. 

This is the first year for a long time 
that we did not hold a National fall 
meeting. A committee has been ap- 
i view of ascertaining 


whether or not a fall 


pol ited with 
meeting of some 
kind is desirable and to make recom- 
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The ladies discuss the day's schedule during their customary 
coffee hour in the Daniel Boone Room. The full art of con- 


versation is well illustrated here 


Turnouts of this size were not unusual at the technical papers 
sessions. Evidence of the interest was also noted in the 


active discussions which followed each paper 


7 


we 


(Above, left) The authors’ breakfast on Wednesday morning included a head table of hungry dignitaries. Shown (left to right) 
are R. R. Fayer, local chairman of meeting sessions, and H. R. Elfvin, session supervisor, both busy eating; Session Chairman 
J. J. B. Rutherford, and ASME National President James N. Landis locked in conversation; President Sander; National Secretary 
Plummer; ASME Session Coordinator Fleischmann; and B. E. Rossi, editor of The Welding Journal. (Right) President Landis of 
ASME is introduced by "Sandy”’ to the large audience at the Wednesday morning session on design and material for low- 


temperature application 


mendations concerning the scope and 
type of meeting if desired. 

President Eisenhower in his address 
a few months ago to the American 
ople on “Science and Security” 
stressed the long term importance of 
education in maintaining our national 
By emphasizing the responsi- 
bility of each community and organiza- 
tion to help provide rigorous science 
and mathematics training to potential 
scientists and engineers, the President 


SeCUrIty 


challenges educators and scientists 
alike. 

Our organization being classed as a 
technical society has been cooperative 
and extended offers of assistance to 
further the use and knowledge of weld- 
ing and its applications including tech- 
nical data with recommendations to 
National Research Council, the Atomic 
Energy Commission, Welding Research 
Council and to the other Engineering 
and Technical Societies. Our officers 
and members have attended and given 
technical talks to welding conferences 
and technical sessions at a number of our 
Universities, Institutes and Colleges 
during this past year. 
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In this connection I wish to focus your 
attention to our Educational Activities 
headed up by an active Committee 
which is sponsoring a program poten- 
tially having far reaching effects towards 
developing new educational courses of 
in-plant training, college training and 
research. These new stepped-up activi- 
ties of our Educational Activities Com- 
mittee and its advisory group deserve 
your real support. We acknowledge the 
real efforts being made in this direction 
by many educators and schools of learn- 
ing. 

Numerous sections are now sponsor- 
ing scholarships for deserving engineer- 
ing students who are keenly interested 
in welding as a future vocation. Real 
welding engineers and technicians are 
greatly in demand and are destined to 
receive more recognition than most of 
us at present realize. Many of our sec- 
tions have held welding conferences, 
training courses, student nights and 
welding symposiums in addition to their 
regular technical meetings with technical 
papers on timely subjects. 

Welding has become an integral part 
of the American way of life in a very 
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short span of vears. Its use is so exten- 
sive today it would be difficult to specify 
all the items and it would require con- 
siderable time to try and enumerate 
them. You are undoubted|y aware oO! a 
great many of these applications and | 
shall simply say that today activity in 
welding is becoming increasingly mort 
universal. As you travel around our 
country as I have, you are more cog- 
nizant of this genuine interest being dis- 
played by industry and others towards 
the further use of welding. Well trained 
welding mechanics and technicians are 
as much in demand as are welding engi- 
neers. 

Welding is not only a primary tool of 
the trade for fabrication and mainten- 
ance, but also a primary means by 
which new basic designs and functions 
of new ideas can be realized and ac- 
complished. Today we acknowledge at 
least 37 basic welding processes from 
miniature spot welds to butt seam welds 
10 in. or over in thickness with addi- 
tional designs and ideas in the research 
and development stages. Our challenge 
is ever changing with seemingly no end 
insight. Man’s ingenuity has a wonder- 


THE WELDING JOURNAL 


: 
p! 
to 
+ 
en 
Plu 
St 
che 
Gtk 
it 
Ou 
isk 
vel 
res 
on 
A 
Uni 
t ] 
Cen 
stes 
Wit 
hea 
tral 
\ 
Jun 


rs 
ne 


Harry Cave (third from right) of the St. Louis Section packs Policy decisions are discussed during the Board of Directors’ 
them into the buses for their tour of the A. O. Smith Corp. meeting on Thursday morning in the New York Room of the 
plant in Granite City, Ill. This group is also said to have Hotel Statler 


toured another plant on the same day—the Anheuser- 


Busch brewery 


Above, left) James F. Lincoln was the principal speaker at the Sustaining Members Luncheon. His hard-hitting address was 
entitled, ‘How to Meet Today's Needs in Metal Fabrication."’ Seated at the head table are (left to right) National Secretary 
Plummer, President Sander, Mr. Lincoln, Past-President Chyle, President-Elect Hoglund and H. M. Gillerman, chairman of the 
St. Louis Arrangements Committee. (Right) President-Elect Hoglund, with face hidden behind the mask, cuts the aluminum 
chain in the tradition of an old pro at the Kiel Auditorium on Thursday morning. It symbolized the official opening of the 


6th Welding Show 


opportunity to come forth with new 
thods. new processes, new technical 
ita and experiences that will further 
tegrate welding into more industry 
| avenues of use as well as improve 

current processes, Together we 
ii a great deal with reference to the 
tomic age, supersonic age or inter- 


Hanetarv age Someone has said 


hese not really phases of the ive ol 
metals?” Our way of life depends on 
metals and that dependency is basic. 


Our ability to join metals by welding 
s rated so highly that the first question 
isked when a new alloy or metal is de- 
veloped is “can it be welded?” Much 
research goes into the picture to ac- 
omplish this fact. 
\ nuclear engineering survey at the 
University of California states that as 
hnology he comes more ct mplex, ent h 
najor development permits fewer vears 
rv industrial adoption. There was a 
century for technicians to grow up with 
steam and for industry to learn its uses. 
With electricity this time was cut 
nearly in half, but industry could still 
train men by usual methods. 
Mass production has been with us less 
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Enthusiastic interest was displayed during the three-day 6th Annual Welding Show 
in the Kiel Auditorium. The booths, well staffed with technical personnel, housed 
many live exhibits and were the sites for numerous problem-solving conferences 
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than forty vears and we are still dis- 
covering what can be done with its tech- 
niques. This is the fourteenth year of 
the atomic age. Nuclear power is a 
reality tadioactive fuels and isotopes 
are on hand and only lack of knowledge 
of the field holds industry back from a 
myriad of profit-making applications. 

In the building of nuclear power 
plants, guided missiles, rockets and 
space projectiles, the use of welding is 
paramount to successful fabrication and 
performance. This program is being 
accelerated and we need to keep abreast 
of these requirements to industry. 
Guided missiles, rockets and their com- 
ponent parts demand close tolerance 
precision work 

Our welding processes can be tooled 
up to meet these requirements as well as 
meet the strength and temperature re- 
quirements desired. Improved quality 
for consistently good results and reduced 


costs through faster production is a con- 
stant goal that is also being realized. 
By the use of welding, progress is a fact 
and not only a motto. You get real re- 
sults if you put forth reasonable effort. 

They say business is experiencing a re- 
cession. A slowing up in business may 
readily be the means of directing more 
firms and industries to ascertain the po- 
tential cost savings and end product re- 
sults that the use of welding can ac- 
complish for them as it has for many of 
us. I say this as one who has spent the 
last 30 years directly in the production 
and construction field. With stepped up 
activities in all fields pertaining to re- 
search and development in industry, 
welding has not only won a permanent 
place in our economie life, but will con- 
tinue to advance and contribute a great 
deal to progress. 

However, AWS still has a challenge to 
further popularize welding as well as 


reassuring the public of its full values. 
As members of the AMERICAN WELDING 
Society we should maintain a keen in- 
terest in and enthusiasm for our welding 
activities with a sincere desire to further 
the understanding and use of welding. 
We should continue to promote in-plant 
and extension training courses for 
welders and technicians; encourage 
student chapters and foster educational 
courses for fuller recognition of welding 
in the engineering field. We are confi- 
dent that the outlook for welding for- 
bodes a bright and successful future. 

It has been a pleasure to have had the 
opportunity to work with you for this 
cause this past year. I appreciate all of 
your many efforts and courtesies. | 
intend to continue an active interest in 
this Socrery. 

Thank you one and all. 


Address To 
Sustaining Members 


By JAMES F. LINCOLN 


How to Meet Today’s Needs in 
Meta! Fabrication 


\t a time of business slump it might 


be well for the welding industry to 
tuke i look at the future. Welding 


has made far less progress than it 
should have made. Most buildings 
and bridges still are riveted. Some 
sixteen million tons of castings, both 
steel and iron, still are made each 
vear, of which at least 75% would be 
redesigned as weldments with a saving 
of at least 50° of the present cost. 
Other methods of joining metals, 
such as bolting and the elimination of 
metal entirely by the use of prestressed 
concrete, have made tremendous strides 
in the past few years. It is hard to 
understand why a process which in- 
herently is so very much cheaper, 


James F. Lincoln is chairman of the board, The 
Lincoln Eleetr > fis address was presented 
at the Members’ Luncheon in St. 
Louis on April 17, 1958 
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more reliable and more easily applied, 
should not take its proper place in its 
field. The reason is not hard to find. 
Welding has been continually put under 
suspicion by those who should have 
been most intelligent in its application. 

The tests which are specified for a 
welded joint cannot be passed by 
any other commercial method of joining 
metals. No riveted or bolted joint 
could) even approach the standards 
specified for welds and which welds 
must pass in order to be accepted. 

Porosity and undercut, so-called, 
such as commercially found, are treated 
entirely differently. Such so-called de- 
fects are accepted without question in 
a riveted or bolted joint when many 
times greater than found in the usual 
welded joint. Such defects are rejected 
in a welded joint, however. The 
methods used for the discovery of 
porosity by the X-ray process also 
usually costs more than the total 
cost of welding. 

The redesign of castings to weldments 
is now generally done by copying the 
shape and section of the casting in 
spite of the fact that the steel which 
replaces the cast iron is four times 
stronger and two and a half times 
as stiff as the cast iron it replaces. 

The design of struetures in general 
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follows the same approach as was tru 
a generation ago. Since rivets were 
used then, rivets are used now, in 
spite of the fact that a saving in build- 
ings and bridges of at least 25° can 
be made if the structure is properly) 
designed for welding rather than rivet- 
ing or bolting. 

We also have the policy by the peopl 
who make up structural-steel sections 
to continue to use rivets because they 
have the machinery and the experience 


which they do not want to discard 


Because of all these lacks, the economy 
has paid billions of dollars in additiona 
costs for its products. 

The great opportunity that th 
AMERICAN WELDING Soctery faces 
to eliminate the handicaps which hav: 
so far kept welding from its prop: 
place in the economy. We should | 
dealing in our engineering papers wit 
redesign of castings, redesign of bridg 
and buildings and the application 
hard-surfacing material 

There is little need at this time 
scholarly dissertations on details whi 
have little practical application. It 
of small benefit to the economy 
discuss the action of a welded jou 
at its breaking load when it is used 
less than one-quarter of these stress: 
in actual service, 
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EDUCATIONAL ACTIVITIES 


AWS Educational Groups Hear Addresses 


by Humberstone, Stout and Parker 


The educational open meeting on 
Tuesday, April 15th, at St. Louis, as 
part of the 39th AWS Annual Spring 
\feeting, attracted near-capacity 
sudience Many of the educational 
representatives of the sections were 
present. 
~ T. Embury Jones, with his co-chair- 
man Roy MeCauley, opened the mect- 
ing in the absence of Clarence EK. Jack- 
son, chairman of the Educational Ac- 
tivities Committee. Mr. Jackson was 
detained in Europe. 

The purpose of the meeting was to 

termine how the educational com- 

ittees of the AWS could he Ip the local 
tions and how even greater partici- 
ition from the sections could be ob- 
ned A ri port of the objective s and 
omplishments of the committees 
juainted the section representatives 
sent with an over-al! picture o] the 
tivities and enabled them to judg 
re thev could cooperate, 

\[r. Jones mentioned the purpose and 
general form the meeting would 

He then went on to explain how 
newly activated education com- 
ees came into being and the strides 


had taken in two years. 


An Approach to Welding 
Education 
J. H. Humberstone, president of Air 
luction Sales Co., and a past presi- 
it of AWS, gave the opening address. 
spoke of the need for increased 
icational activity in the welding 
lustry and explained how education 
ist of necessity be geared to technical 
rogress, He commented on the ap- 
ling ignorance of even well-educated 
wople upon all aspects of welding 
Welding today,” said Mr. Humber- 
tone, “has reached—has earned—a posi- 
of con fide nce. l believe that 
lding—the acceptance of it and the 
onfidence in it—has grown because of 
stringent requirements imposed 
t by those who live with welding 
iblems. There have been less fail- 
: along the way to our present posi- 
i because of tight codes and specifica- 
ms as well as severe inspection prac- 
By the same token, I believe that 
today and after all of these years of 
rience and education we should 
bn ible to take certain things for 
granted. We have earned the right 
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not to have to prove evervthing that 
can’t be seen with the naked eve 
We know that the necessary strength 
is there We know that the service 
requirements are easily met in run of 
mill weldments. Excellent results with 
welding are uniformly routine in larg 
areas of what is becoming, or already 
is, standard practice Vow we should 
shake off some of the excessive caution 
n these areas, some of the unreason- 
ible demands and red-tape procedures 
and so simplify ind ease our specifica- 
However I still 


heleve that the pioneering areas oft 


tion requirements 


welding progress should continue to 
get the same thorough-going inalyses 
for procedures, codes, specifications 
and Inspection practices and tests 

To further illustrate my point, I 
have recently had occasion to investi- 
gate metal-to-metal bonding with plas- 
ic cements. And I was reminded 
listening to the reports of tests 


ind results, of the position of welding 


back in the earl] davs—twenty-five 
thirty vears ago. A simple question 
wma i very reve iling one repeated] 


occurs in connection with the use ol 
plastic cement in the bonding of metals 
How do vou know vou have a satis- 
factory joint?’ 

This is an obvious, honest and 
proper lack of confidence. . .resulting 


from lack of experience and education 


At the Educational Activities Com- 
mittee meeting on April 15th in St. 
Louis, Past-President J. H. Humberstone 
told a large, attentive audience that 
the need for increased educational 
activity is determined by the progress 
made in the welding industry 
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This new method of bonding will cer- 
tainly find its rightful place in the fabri- 
cating industries, but it, too, as was true 
with welding, will have to earn that 
place, earn the confidence which we of 


the welding industry now are in a posi- 
tion to enjoy and exploit for the benefit 
of industry and society in general. 
It ive t 0 through the same 
growing pains, proceeding cautiously, 
policing itself perhaps more severely 
than bsolute necessary, establish 
procedures odes pecifications and 


Inspection practices, and earn its way 


to the prominent position it will—lI 
! t enjo erhaps ten, twenty or 
thirt ears from now It will be 
through educational processes that this 
mtinue to educate w ill not profit 
by getting certanu facts taken for 
granted in connection with welding, 
the iving§ th groundwork — for 
the eliamination of unnecessary restric- 
tions 

Welding has won its spurs. So we 
nave i lot Tt talk bout and we can 
it wit! great deal of confidence 
That is our messag That is why we 
must its t sin which we 

in do tl educating are many.”’ 
Phe ( to outline the 
rious approaches that were being 
le te rt! gy education and 
ted W ng svmposiums as an 


Robert D. Stout addressed the same 
group moments later, urging greater 
educational activity in the field of 
welding metallurgy. Dr. Stout stated 
that the sections were the logical groups 
to conduct such programs 
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President Sander presents the Educational Lecture Series Certificate to Earl R. 


Parker. 


Professor Parker's paper, ‘Engineering Behavior of Welded Structures,” 


was delivered in two parts on Monday and Tuesday afternoons 


excellent means of disseminating welding 
knowledge Another practical area of 
education he favored was that of clinics, 
demonstrations and open house shows. 

In his closing remarks he suggested 
that satisfaction was the result of 
ignorance, the complacent attitude of 
the uneducated. It was his opinion 
that we can never be satisfied in this 
country until 
being offered either the educator or 
those to he educated. 


ample opportunity is 


Committee Reports 

After the opening address, the chair- 
man of each committee was asked 
to give a brief report on his committee's 
activities, what had been accomplished 
These 
reports are not being given in detail 
since they appeared in the “Educational 
\ctivities’’ column last month. 


and what was in preparation. 


Section Activities 

When the reports had been concluded, 
a talk was given by R. D. Stout, profes- 
sor of Metallurgy, Lehigh University. 
Dr. Stout, who has taken a very active 
interest in his local section, felt that 
members look to their sections for their 
education, the technical 
the monthly meetings and the educa- 
tional lectures during the spring and 
fall supplying many of their needs. 
He gave some very sound advice as 
to the types of programs required. 
In each area one or more industries 
predominate. Consequently, the great- 
est interest locally will center around 
these industries and their welding op- 
erations. Programs slanted to local 
needs are likely to be popular and 
well attended. 


sessions at 
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He suggested that metallurgy always 
creates a strong interest, although it 
is better to keep the subject general. 
His experience had been that interest 
waned when details were discussed. 
The broad field of metallurgy seemed 
to give members the background they 
whereas the actual details 

a very small percentage of 


needed, 
interested 
the audience. 

Professor Stout gave some excellent 
practical advice. He suggested: 

1. Choose speakers who can stimu- 
late a question-and-answer period. 

2. Tailor your talks to your 
audience. 

3. To publicize a subject, such as 
metallurgy, invite students from the 
high schools. Have a display of sam- 
ples and sufficient members available 
to discuss the samples with the stu- 
dents. 

4. Hold demonstration meetings and 
do not limit your audience to members. 
Invite the general public too. 

Finally, the speaker advised section 
chairmen to examine their own prob- 
lems before choosing a subject. In 
providing a solution to their own 
difficulties they would solve many of 
their members’ problems. 

The last hour of the meeting was 
devoted to a question-and-answer pe- 
riod. Full advantage was taken of 
the opportunity, and, had time per- 
mitted, the meeting could have lasted 
well into the afternoon. 

The educational representative from 
Baton Rouge Section gave an interesting 
description of how his section had de- 
veloped its first educational program. 
So many desired to attend that they 
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had to close enrollments when 160 
had signed for the course. It was 2 
most gratifying response, and a similar 
series will be held next year. The en- 
tire lecture series had been printed and 
a limited number of copies are avail- 
able. Free copies of this series can be 
obtained by writing to Paul Walmsley, 
1266 Stevens Ave., Baton 
La. 

Many opinions were voiced and man) 
Some of the state- 


Rouge, 


questions raised. 
ments were controversial and received 
an almost immediate answer from the 
floor. The adjourned 
at 12:30. 

The general opinion indicated that 
the open meeting had been well worth 
while. Delegates from AWS sections 
said they had learned much of value 
and were in favor of the national 
educational program. 


meeting was 


Educational Lecture Series 

Each year at the national meeting 
the Educational Activities Committes 
schedules an educational lecture by 
an outstanding authority. This vear, 
Earl R. Parker spoke on the subject 
of “Engineering Behavior of Welded 
Structures.” 

Professor Parker is an acknowledged 
authority on the subject. Professor 
of Metallurgy at the University of 
California, he has been with the uni- 
versity since 1944. His special field 
of research is in the mechanical be- 
havior of materials, particularly at 
high temperatures. 

Part I of Professor Parker's lecture 
was given on Monday 
Part II was continued on Tuesday 
evening. At that President 
Sander — presented Parker 
with the Educational Lecture Series 
certificate. 


afternoon 


SeSS1LON, 


Pre ‘SS0OT 


JOIN NOW! 


If you are interested in better 


welding, lower fabrication 
costs and increased produc- 
tivity, you will gain from in- 
vestment in AWS Member- 
ship. You can learn how to 
join by writing AMERICAN 
WELDING SOCIETY, 33 
West 39th Street, New York 
18, N. Y. 
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torium Manager Gualdoni.  President- 
Klect Hoglund it an al cha 
THINGS YOU SHOULD KNOW process during 
if ceremony, I h cl P eside 


@ Karly April days were filled with 
preparations for the 39th Annual Meet- 
ing and 6th Welding Exposition. Con- 
ferences were held with Exposition 
\lanager Bob Kenworthy and with pub- 
licitvy agent Ed Grief and finally a staff 
meeting of the eight members who trav- 
eled to St. Louis to direct the varied 
activities. Agendas were prepared for 
meetings of the Board of Directors, the 
Technical Council and several impor- 
tant committees. Medals certifi- 
cates were assembled for the various 
awards presented at the opening SCS- 
sion of the meeting. Annual reports 
were written 

@ Other activities included a meeting 

of officials of the Pressure Vessel Re- 

search Group to plan their annual 
meeting which will be held next Sep- 
tember; a meeting of representatives of 

ill societies and other groups affiliated 
vith the American Standards Associa- 

tion to consider both domestic and _ in- 

ternational problems encountered — in 
this broad field of activities; a confer- 
nce with representatives of Bankers 

Trust Co. concerning the investment of 

SocieTy reserve and contingent funds; 
nd discussions dealing with the new 

\nited Engineering Center to be con- 
tructed in New York. 

@ On April 9th Staff Members Mooney 
nd Krisman headed for St. Louis to 
heck headquarter hotel arrangements 
iter they were followed by Messrs 
hodrow, Fenton, Irving, Phillips, 

Rossi and your Secretary, all joining 
itional officers including President 

Sander and President-Elect Hoglund 
id a large group of St. Louis represent- 
tives led by Section Chairman Enslin 
Arrangements Chairman Giller- 
in at the arrangements committee 
uncheon held Sunday, April 13th. 


@ |:xposition, technical sessions, edu- 
ation lectures, the Adams Lecture, the 
president’s address, the informal pane! 
liscussion, the annual business meet- 
ing, the presentation of awards, the 
President’s Reception, the annual ban- 
let, the special educational confer- 
nee, the plant tours, the full ladies’ 
program—all interesting, informative 
nd eminently suecessful—are described 
lsewhere in this issue. 
@ Other equally important activities 
included the authors’ breakfasts at which 
fifty or more people met each morning 
to get acquainted, coordinate activities 
and discuss technical problems of mutual 
interest; the various district breakfasts 
and luncheons where district sec- 
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@ President Landis of the ASME. at- 
tended the authors’ breakfast on April 
l6th and joined President Sander, 
President-Elect Hoglund and vour Sec- 
retary for lunch following the morning 


tion officers met to discuss section prob- 
lems and activities; the luncheon and 
dinner meetings of special committees 


and other groups including RWMA, 


technical session sponsored jointly by 


WRC, PVRC, OSU Alumni, Sustaining AWS and ASMI Phis was one of four 
Members and university professors; such sessions planned by 4 group unde: 
the Section Officer’s Meeting; the many th leadership of Walter Fleischmann, 
operating committee meetings including who officially 1 sented ASME at the 
Exposition, Manufacturers, Organiza- opening session and the banquet, and 
tion Structure, Welder Registration and a the receiving line at the President’s 
Certification \Membership, Member Receptior 

Classes. Reserve Funds, Nominating. @ Past-Presidents Humberstone and 
Technical Council and Board of Direc- Chyle were active participants together 
tors; several AWS, PVRC and at least with nations officers MacGuiffie. 


five W RC te chnical committee meetings. Thon is ina Ro Ihe r, In assisting 
@ Attendance at meetings and at the President Sander and President-Elect 


exposition was excellent Many exhib- Hoglund, wit uithfully completed eX- 
itors commented upon the high caliber ceptionally hea scheauies beginning 
of those who visited the exposition dur- early and lasting ti rough the evening ol 
ing the three days following the opening — A Convention Chairman Dato 
ceremony which was attended by top illed to ord ind closed the opening 
officials of St. Louis including R. K session on April 14th. 

Bennett (personally representing Mayor @ The Board of Directors approved the 
R. R. Tucker), Director of Public recommendations of a special task com- 
Safety Sestric, Director of Publie Utili- mittee to hold a fall meeting in late 
ties Mallory, Fire Marshall Mullen and September or early October of 1959 
Assistant Trantina, President of Con- The 1959 April meeting and exposition 
vention Bureau Bryan, Chief of Audi- will be held in Chicago with the Hotel 
torium Commission Maginn and Audi- Sherman as headquarters, and the 1960 


AWS DIRECTORS-AT-LARGE 


Term Expires 1959 1960 196] 
J. H. Blankenbvehler J. F. Deffenbaugh A. A. Holzbaur 
G. E. Linnert A. E. Pearson D. B. Howard 
P. G. Parks C. M. Styer C. E. Jackson 
F. H. Stevenson R. M. Wilson, Jr. J. L. York 


AWS DISTRICT DIRECTORS 


District No. 1*New England Sidney Low District No. 6*Central J. N. Alcock 


District No. 2*Middle Eastern District No. 7* West Central A. F. Chouinard 
E. E. Goehringer 


District No. 8+Midwest F. G. Singleton 


District No. 3*North Centra! H. E, Miller District No. 9*Southwest P. V. Pennybacker 
District No. 4*Southeast E. C. Miller District No. 10+ Western F. V. McGinley 
District No. 5*East Central H. E. Schultz District No. 11*Northwest C. B. Robinson 


OTHER DIRECTORS 


Junior Past-President J. H. Humberstone 
Junior Past-President C. P. Sander 
Junior Post-President J. J. Chyle 
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to correct weld metal performance 
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When there’s no second chance 


STAINLESS BARE WIRE 


Even the critical countdown can’t pre-test every vital factor before 
launching an earth satellite. Weld metal performance at diverse 
temperatures, various pressures and speeds can be known only 
through operation. Explorer I—America’s first earth satellite— 
and Explorer [II—designed and built at California Institute of 
Technology's Jet Propulsion Laboratory—both carry welds made 
with Arcos materials. Arcos CHROMENAR 12 (Type 410 stainless 
bare wire) was selected for welding certain components. Here's 
proof again why Arcos Welding Rods and Bare Electrodes are used 
so widely when results and performance must be predetermined 
as accurately as possible. ARCOS CORPORATION, 1500 South 
50th Street, Philadelphia 43, Pa. 


For more details, circle No. 7 on Reader information Card 
Society News 


April meeting and exposition in Los 
Angeles with the Biltmore Hotel as 
headquarters. 

@ Returning to the Hotel Statler 
following dinner on Friday evening af- 
ter the close of the meeting, President 
and Mrs. Sander were given the sad 
news that Mr. Sander’s brother had died 
while traveling on a train near Great 
Falls, Mont. 

@ On April 21st in New York, Charles 
Kandel, president of Craftsweld Equip- 
ment Corp. and a past chairman and 
active supporter of the New York Met- 
ropolitan Section of AWS, died. Your 
Secretary and other staff members at- 
tended his funeral on April 23rd. 

@ The following day the funeral of 
George V. Slottman, vice president and 
director of research and engineering of 
Air Reduction Co., was held at the 
Church of the Ascension in downtown 
New York. Dr. Slottman had served 
on several important AWS committees 
and had contributed significantly to the 
success of our Socrrry. 

@ On April 25th your Secretary and 
Mrs. Plummer joined President Sander, 
President-Elect Hoglund, District No. 
3 Director Miller and Mrs. Miller at 


| the twenty-first annual Tri-State Din- 
| ner and Ladies’ Night of the AWS 


Pittsburgh Section. Chairman Doty 
presided at the usual delightful event 
with an excellent dinner following a 
friendly cocktail period. W. H. Upson 
(famed for his Saturday Evening Post 
“earthworm tractor stories’) gave his 
humorous dissertation on “Ergophobia”’ 
prior to the distribution of the large col- 
lection of expensive door prizes. Chair- 
man-Elect Cable, Secretary Minnotte 
and Prize Committee Chairman Weber 
participated in the program which was 
thoroughly enjoyed by more than 400 
members and guests. 

@ Part of April 28th was devoted to the 
second of two conferences with Socrery 
Attorney Holloway considering the pos- 
sibility of simplifying the Socrery By- 
Laws which have become excessivel) 
detailed, complicated and lengthy. Even 
a minor change such as the forming of 
a standing committee requires two ac- 


| tions by the Board of Directors, publica- 


tion of the proposed change in Tut 
WetpInG JourNAL and finally a letter 
ballot by the entire membership of the 
Society. The total cost of making 
such a change can easily exceed on 
thousand dollars. It is hoped that 

set of rules of procedure can be prepared 


covering routine activities approved by 


the Board of Directors and that the By 
Laws can be simplified to cover only 
those matters of direct concern to all 


| members of the Soctrry. 


@ The last two days of the month wer 
largely devoted to meetings of the Ma 


| terials, Fabrication and Design Divi 


sions, and the Executive Committee of 
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| This WELDED nuclear pressure vessel 


as > 
es holds a practical idea for you 

M4 The 40th National Meeting of 

nt the American Welding Society 

ad | will be held in Chicago during 

ed | the week of April 6th. 

at 

les 

i the PVRC, together with several task 

nd and project subcommittees. These 

et- groups plan and direct research activi- 

od ties. mostly dealing with welding prob- 

at- lems, costing about one quarter of a 
million dollars each year. These activi- 

of ties, as well as all others of the Welding 

und Zesearch Council, are closely coordi- 

of nated with AWS activities and most re- 

the sults are published in the Research Sup- 

wn plement of THe WELDING JOURNAI 

ved @ First Vice-President-Elect MacGuffie 

“gq spent the afternoon of April 29th with 

the your Secretary discussing investment 
policies, possible prof ssional invest- 

and ment counsels, information program 

ler, and other 1958-59 activities. 

No. J It is rumored that Technical Secre- 

- tary Ed Fenton may be proudly, and 

yin with proper ¢ ngines ring efficiency pass- 

WS ing out cigars about the time vou 

joty see this in print in June. 

Fred L. Plummer 

oath Job Report Courtesy of 

Post 4 Combustion Engineering, Inc., builder of vessel shown 


uss ARCOSITE FLUX 


New Supporting Member 
otte | | for submerged arc welding 


eber An applicat’ on has been received from 


was he Oregon ‘echnical Institute, Ore- In nuclear installations where radio activity makes weld failure 
100 ch Branch. Klamath Falls, Ore., ad- dangerous to personnel and can cause indefinite shutdown sound 
nitting the educational group to a corrosion resistant welds are of utmost importance. To inhibit 

Supporting Company membership sta- corrosion, portions of the 9 ft. dia. interior of this 33 ft. reactor were 

» the tus in the AMERICAN WELDING SocieTY. overlaid with 14 in. of 308L weld metal. Submerged arc welding 
fETY The enrollment became effective on with ARCOSITE $4 flux was used for the job. The girth and longi- 
pos- Mav 1. 1958. tudinal joints of the low alloy steel plates were also submerged arc 
sy- The Institute is also in the final stages welded using ARCOSITE B5 flux. Cost-wise, no other conventional 
ively method of cladding was practical. Arcos weld metal quality guar- 


of organizing an AWS student chapter. 
sven antees corrosion resistance . . freedom from maintenance 


ARCOS CORPORATION, 1500 S. 50th Street, Philadelphia 43, Pa 


Tut 1958 SPRING MEETING 
etter ABSTRACTS AVAILABLE 


f the 
een Complete sets of abstracts of the 

on papers presented at the 1958 | 
vat a | 

aged AWS Annual Spring Meeting in 
db) St. Louis, Mo., are now available 
e By- 

only at $2.00 per copy. Address your | 

order to American Welding So- 

wert | ciety, 33 West 39th Street, New 
» Ma 

se | York 18, N.Y 

eof 

: For more details, circle No. 8 on Reader information Card 

RNAL 4 JUNE 1958 Society News 611 


Os 
2 
4, 
* 
af 
; 


Section News and E 


as reported to Catherine O'Leary 


WELDING METALLURGY 


Phoenix, Ariz. The sixth regular 
meeting of the season of the Arizona 
Section was held on Wednesday, 
February 19th in the Sky Room of the 
Sahara Hotel. 

Guest speaker was W. A. Saylor 
WS, chief metallurgist for Consoli- 
dated Western Sales, Maywood, Calif. 
plant. Myr. Saylor showed some in- 
teresting slides and spoke of the pres- 
ent and future trends in welding and 


metallurgy 


STAINLESS-STEEL BRAZING 


Phoenix, Ariz.— The regular meet- 
ing of the Arizona Section was held 
n the Sky Room of the Sahara Hotel 
on Wednesday, March 19th. 

(;uest speaker was R. L. Peaslee 
Ww, vice president of Wall Colmonoy 
Corp. He gave a very interesting 
speech on “Brazing of Stainless Steel 


or High-Temperature Service.” 


ULTRASONIC TESTING 


Phoenix, Ariz.—The regular meet- 
ing of the Arizona Section was held 
i the Skv Room of the Sahara Hotel 
mn Wednesday, April 16th 

(juest speaker was Charles G. Me- 
Clure of Sperry Products Co., Dan- 


SECTION MEETING CALENDAR 


JUNE 27 


CAROLINA Section. Plant tour Babcock & Wilcox Co. Boiler Works, Wilmington, N. C. 4:00 
P.M. 6:00 P.M. dinner, 7:00 P.M. technical session at The Ark Restaurant. "Setting Up Welding 
Procedures and Qualification,” E. C. Korten, Hartford Steam Boiler Inspection and Insurance Co. 


JUNE 28 


CAROLINA Section. Deep sea fishing trip. 


Editor’s Note: Notices for September 1958 meetings must reach Journal office prior 
to July 1, so that they may be published in August Calendar. Give full information 
concerning time, place, topic and speaker for each meeting. 


bury, Conn. Mr. McClure showed a 
color movie slides which de- 
scribed the ways of ultrasonic testing 
of metals. He also gave a talk on the 
subject. 


WELDABILITY OF STEELS 


Birmingham, Ala.—The final mect- 
ing of the 1957-5S season for the 
Birmingham Section was held April 
Sth at Gulas’ Restaurant with an at- 
tendance of 67 members and guests. 

Prior to the technical session, the 
newly elected officers for the 1958-59 
season were introduced by 


Black, retiring chairman. These offi- 
cers are: E. H. Turnock, chairman 
R. A. Davis, vice chairman; and K 
V. Nickell, secretary. 

Dr. Bernard R. Queneau, asst 
manager, Department of Metallurgy 
Inspection and Research, T. C. 1 
Division of U. S. Steel, prest nted a 
very informative talk on the metal- 
lurgical aspects ol the weldability of 
steels and a brief review of the condi- 
tions of stress that can cause ductile 
metals to fail with a brittle fracture. 
The effects of preheat, postheat, rate 
f welding and other 


of cooling, type « 


CENTRAL STATES WELDING CONFERENCE HELD IN CINCINNATI 


Cincinnati Section held its Second Annual Central States Welding Conference on March 20th. 


the speakers and section officers who participated in program. 
director; Wm. F. Brown, section chairman; R. L. McKenney, second vice chairman; M. A. Levinstein, secretary-treasurer; 


C. T. Whelan, past chairman; and G. H. Lynn, executive committee. 


Standing, in the same order, are: Louis Michelson, 


dinner speaker; Cecil C. Peck, technical speaker; Nikolajs Bredzs, technical speaker; Geo. Hoppin Ill, executive committee; 
Robert L. Losee, program chairman; A. Paolino, executive committee 
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Seated (left to right) are: Harold E. Schultz, District 5 
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thermal factors in welding were dis- 
cussed in their relationship to the 
microstructure and mechanical prop- 
erties of the steel being welded. Dr. 
Queneau concluded his talk with a 
short discussion of the effect of hydro- 
gen on cracks formed in the weld and 
methods of minimizing this condition. 


MAGNETIC-FLUX WELDING 


Greensboro, N. C.—The regular 
meeting of the Carolina Section was 
held in the Green Room of the May- 
fair festaurant, 
March 25th with an attendance of 74 
members and guests. 

Featured speaker was K. W. Clark 
of the Linde Co. who talked on mag- 
netic-flux gas-shielded welding. The 
talk was accompanied by slides and 
color motion picture. 


Greensboro, on 


NEW BRAZING 
DEVELOPMENTS 


Chicago, Ill.—Seventy-eight mem- 
bers and guests of the Chicago Section 
met in the auditorium of the Peoples 
Gas Lite & Coke Co. on April 11th, to 
hear D. C. Herrschaft of Handy and 
Harman discuss the latest develop- 
ments in brazing to join metal parts 
in the aircraft industry. Slides were 
used to illustrate the talk. and a lively 
discussion followed. 


Before the meeting, a sound color 
film entitled, “Petrified River,’’ was 
shown through the courtesy of the 


Modern Talking Pictures of Chicago. 


ANNUAL WELDING 
CONFERENCE 


Cincinnati, Ohio.—The Cincinnati 
Section held its Second Annual Cen- 
tral States Welding Conference on 
March 20th at the Sheraton Gibson 
Hotel. Approximately 75 registered 
for the one-day technical program 
and evening dinner. 

Speaker of the evening session was 


Louis Michelson, manager Rocket 


Dear Mr. Rossi: 

On page 392 of the April issue 
of the JouRNAL, my picture is in- 
correctly identified as G. S. Hop- 
pin ITT. 

In deference to Mr. Hoppin, 
will you please inform your readers 
that he is much more photogenic 
than I? 

Sincerely yours, 

General Electric Co. 

(Signed) N. Woops 
Welding Specialist 
PED Large Fab.—Bldg. 800 
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BLODGETT ADDRESSES CLEVELAND SECTION 


Omer Blodgett, (right), principal speaker at the April meeting of the Cleveland 
Section, shows Gerrit Zoethout of Holland the difference in stiffness between a 


rigid beam and a simply supported beam 


Engine Section, Flight Propulsion 
Laboratories, AGT Division, General 
Electric Co He gave an excellent 
talk on rocket engines and their uss 
in the space program 

Two speakers at the morning session 
were Forbes Miller OWS, Research De- 
partment, Wall Colmonoy  Corp., 
Detroit, whose subject was ‘Brazing 
Heat Resistant Metals for High- 
Temperature Service’; and Cecil C. 
Peck BWI, president of Cecil C. Peck 
Co., Cleveland, Ohio, whose subject 
was “Tooling for Mechanized Weld- 
ing.”’ 

Speakers at the afternoon session 
were: Thomas C. Falter WS, welding 
engineer, Frigidaire Division, GMC, 
Dayton, Ohio whose subject was 
“Automatic Resistans Welding Ap- 
Helmut Thielsch 
metallurgical engineer, Grinnell Corp., 


plications” 


Providence, R. I whose subject was 
“Why Weldments Fail’; and Niko- 
lajs Bredzs @§, Armour Research In- 
stitute, Chicago, Ill, whose subject 
was “Lithium-Bearing Brazing Al- 


lovs.”’ 


RESISTANCE WELDING 


Cincinnati, Ohio.— The program for 
the April 22nd meeting of the Cin- 
cinnati Section featured two talks on 
resistance welding followed by an 
RWMA movie showing high produe- 
tion automated machinery as well as 
actual samples of the new welding 
techniques covered in both presen- 
tations. 

The first talk was given by Arthu 
Schueler, chief development engineer, 
Precision Welder and Flexopress Corp. 
His talk covered the magnetic force 
type of welding. He showed many 
examples of the use of this welding 
where expulsion must be kept to a 


Section News and Events 


minimun Ol significant interest was 
ti ise of this welding to attach 

ickets and the like to a vinyl-coated 
steel without damage to the vinyl 


coating The second talk was by 
Lawrence Mecklenborg of the 


Sul firn AY Mecklenborg is the 
chiel metallurgist at Precision. He 
aiscussed the use of magnetic fore 
\ ng in the transistor closure tech- 

qu Convent methods ol 
welding resulted in the development 
of excessive heat which damaged the 
transistor and the glass seals. In ad- 


dition welding by this method per- 


ted the ng of materials that 
not readily weldabl He also 
siver contact tape welding. 
Of major interest was his description 
i ew ) ess called ‘foil seam 
welding” which was developed in Ger- 
many and is now licensed for use in 


the United States. This method con- 
i thin metal ribbon on 
the top and bottom of a butt joint 
etely sound weld 
The advantages of the process are 
1) the use of a butt joint, (2) lower 
contact pressures, (3) lower clamping 
fore t) higher welding speeds and 
5) the elimination of oil canning. 
Both presentations were very well 
received by the membership present. 
The meeting was held in the En- 
gineering Society Headquarters of 


EFFICIENT USE OF STEEL 


Cleveland, Ohio.—The Cleveland 
Section’s regular April meeting held 
on April 9th at the Hotel Manger re- 
turned to the more or less standard 
pattern of sponsored social hour, din- 
ner and technical speaker. In spite 
of the restricting influence of the 
somewhat retarded productivity in 
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local plants, a large group of very in- 
terested mean and one woman were 
present. 

The main attraction was the 
speaker and his timely subject, “‘The 
Efficient Use of Steel.””. Omer Blod- 
gett QS, design consultant with Lin- 
coln Electric Co., pointed out some 
interesting facts about steel and its 
use. Using some excellent demon- 
strations, chalk talking and slides, he 
explained the best sections for eondi- 
tions of bending, twisting and torsion. 
Mr. Blodgett showed how steel’s 
properties, when correctly used in 
designs, create surprising savings in 
materials 

The talk was one of the outstanding 
of the vear and pointed up the chal- 
lenge we all have to make welding a 
more competitive fabricating process 
in the market that is becoming in- 
V cost-sensitive 


creasing! 


JOINT DESIGN 


Denver, Colo.—The regular monthly 
meeting oO the Colorado Section was 
held on April 8, 1958S, at the El Rio 
Grande Cafe in Denver 

Members and guests gather@l to- 


gether at 6:00 P.M. fora social half- 
hour, during which they renewed ac- 
quaintances with friends in the weld- 
ing industry. At 6:30, the gathering 
sat down to a pleasant dinner. 

The speaker for the evening was L. 
J. Cunningham @S§, asst. supt. of 
pipelines, Northern Natural Gas Co., 
Omaha, Neb. He discussed prob- 
lems aud research on welding joint 
design. He was well qualified to do 
this since his experience in welding 
dates from 1922. It was an excep- 
tional talk and much appreciated by 
the group. 


AUTOMATIC RESISTANCE 
WELDING 


Dayton, Ohio.—On Tuesday, April 
Sth, 35 members of the Dayton Section 
heard an outstanding talk on the sub- 
ject, “Automatic Resistance Welding 
Applications.”” Speaker was Thomas 
C. Falter, welding engineer, Frigid- 
aire Division, GMC, and secretary of 
the section. He described the major 
automated welding lines used at 
Frigidaire in the fabrication of refrig- 
erator cabinet shells, condensers and 
drier filters by the resistance-welding 


process. The talk was illustrated 
with slides and a color film. 


PLANT TOUR 


Appleton, Wis.—l'ifty members and 
guests of the Fox Valley Section made 
a tour of the plant of the Thilmany 
Pulp & Paper Co., Kaukauna, Wis., on 
the afternoon of Friday, April 18th. 
The tour was followed with dinner at 
Van Abels in Hollandtown. 


PLANT VISIT 


Houston, Tex.—On the 26th of 
March, 128 members and guests of 
the Houston Section, the Austin Di- 
vision and the Texas City Division 
made a tour of the integrated steel 
plant of the Sheffield Division, Armco 
Steel Corp. 

The tour proved to be a very in- 
teresting one. It required several 
hours to see the blooming mill, plate 
mill, the structural-steel mill, the wire 
mill and the open hearth furnace sec- 
tions. The operations were explained 
in detail and plenty of time was de- 
voted to watching the actual work 
done on the steel in its various forms. 


Among those responsible for the success of the welding metallurgy course spon- 
sored by the Kansas City Section were (left to right) T. H. Nicholl, class instructor; 
B. G. Harrington, section chairman; J. M. Payne, member, Nomenclature and Defi- 
nitions Committee; and A. G. Hedstrom, chairman, Section Educational Committee 


WELDING COURSE 
SPONSORED BY 
KANSAS CITY SECTION 


Mr. Nicholl shown addressing one of the large groups attending the welding metallurgy course at Haag Hall on the University 


of Kansas City campus 
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KANSAS CITY SECTION 
HEARS GROVER 
ON STRUCTURAL WELDING 


Mr. Grover, left, sharing a light moment with fellow engi- 
neers George Lamb, center, and E. S. Elcock. 
spoke on “Structural Welding—Design Materials and Con- 


struction Practices’’ 


Part of the large crowd on hand at the March 13th 
LaMotte Grover was the guest speaker 


Section. 


Mr. Grove 


Section officers pose with Mr. Grover. 


Left to right are: 


r Program Chairman T. O. McDowell, Chairman B. G. Harring- 


J.R. Warn 


ton, Vice Chairman D. Burrows, Mr. Grover, and Treasurer 


Preceding the tour, a fine barbecue 
supper Was enjoyed at the « mploye pic- 
grounds. 
The Sheffield Division was very 
ospitable in handling the visitors 
nd a vote of thanks is due to them 
the excellent way in which they 


inaged the program for the evening 


PLANT TOUR 
Speedway City, Ind. 


members and guests attended th 
March meeting of the Jndiana Section, 
held on March 28th at the Speedway 
plant at the Linde Co. A tour of the 
plant and a demonstration of light- 
yage inert-gas metal-are welding took 


Sixty-two 


ace in the afternoon 

\ delicious dinner was served in the 
plant cafeteria followed by a Linde 

m on gas-shielded magnetic-flux 

elding, and an illustrated talk on 
inert-gas metal-are welding with small 
diameter wire given by J. W. Carrier. 

The section was honored with a 
visit by J. Blankenbuehler, director- 
at-large, who gave a short talk on the 
future activities of the Sociery. 
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nt of 116 students 


15 super- 


Educational 


m, contracting 


Gordon H. Moline 


of Metallurgical, In Kansas City, 
Mi Hugh A. Springer, Union Wire 
Rope Corp., Kansas City, Mo.; and 
Dr. Howard and Charles Minnich 


PIPE WELDING 
Kansas City, Mo.— Th 


attendance 


t} Ap meeting of the Kansas 
City Section, held on April 10th, was 
rie iatelv 52 members and guests. 

A pre-dinne ocktail hour began 
it 5:30 P.M. at the Golden Ox Restau- 

nt and was | by a delicious 

Aft t of 15 minutes, the 
group reassembled to hear the re- 
marks of ‘Shorty’ Cunningham who 


is ssistant superintendent ot pipe- 


ines in the Omaha office of Northern 
Nat Gas Co Mr. Cunningham 
illustrated ; talk on research in 
ipeline joint design with slides 


TRAVELOGUE 
Long Beach, 


Beach Sectio1 


Calif.— The Long 


turned over thei regu- 
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lar meeting, held on March 2Ist, at 
Katons Chicken House to Lester 
Golgart AWS, of El Camino College. 

Mr. Golgart was selected by Stan- 
ford University to represent them as 
welding education specialist in the 
Philippine Islands for one year. 

At the completion of this year Mr. 
Golgart and family returned to the 
United States via Hong Kong. China, 
Thailand, Pakistan and Europe. The 
Long Seach members and guests 
made this trip with Mr. Golgart 
through the media of 35-mm color 
slides 

Not only were the colors outstand- 
ing but this was a very good lesson in 
geography and was enjoyed by all. 


PLANT TOUR 
La Puente, Calif.—On April 3rd, 


approximately SS members and guests 
of the Los Angeles Section Aircraft 
and Rocketry Panel had the pleasure of 
viewing, first hand, the manner in 
which many important gases used in 
the welding industry and medical pro- 
Tession are processed. 

The visitors were the guests of the 
\ir Reduction Pacific Company of 
Los Angeles at their new $7' » million 


GOLGART DISCUSSES COLORFUL TRAVELS 


Dressed in the formal attire of the people of the Philippine islands, Lester Golgart 
shows some of souvenirs collected during an extended trip through Asia and Europe. 
Mr. Golgart spoke at the March meeting of the Long Beach Section 


air-liquefaction plant, located in In- 
dustrial City, La Puente, Calif. 

Host of the evening was Emmet W. 
MacCorkle, Jr., vice president of the 
Air Reduction Pacific Co. Arrange- 
ments were made by the company for 
bus transportation from the Elks 
Club in Huntington Park and _ re- 
turn. <A few brief talks by officials of 


the company were followed by a movie 
in color entitled, ‘Whatever We Do,” 
which showed the important role these 
various gases play in maintaining and 
creating life in itself. 

The tour was conducted in groups of 
ten by sales representatives of the Ain 
Reduction Co., who explained the 
functions and purpose of each unit as 


LIQUEFACTION PLANT VISITED BY ROCKETRY PANEL 


New liquefaction plant of Air Reduction Pacific Co. at 
Industrial City, La Puente, Calif., visited by the Aircraft and 


Rocketry Panel , Los Angeles Section, on April 3, 1958 tour 


Plant Superintendent A. W. Anderson 
explains the many processes involved 
in the manufacture of liquid gases 
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Airco Vice-President E. W. MacCorkle 
shows what oxygen looks like in the 
liquid form 
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Part of the many members and guests of panel assembled to 
hear talk on liquid gases and to participate in interesting 


Airco representative explains the work- 
ings of helium Cryostat to two mem- 
bers of the panel 
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Pittsburgh, 


ckers Controlare 
St. Louis Ship- 


“Sewing aseam’” in stainless steel 


with the MICKERS.Controlare DC Welder 


Vickers Controlare DC Welders played an important part in 
an unusual project by St. Louis Shipbuilding and Steel Com- 


pany: the construction of we first inland waterway towboats 


with stainless steel | ulls. The three boats were built for service 
on the Ohio and Monongah nthe Rivers at U. S. Steel ¢ orpora- J 
tion’s Clairton Works, Pittsburgh. expensive 
A big feature of the Controlares’ performance on this job stub loss 
was elimination of stub loss on stainless steel electrodes by 
automatic maintenance of a constant current setting from ar eliminated on 


strike to end of pass. With a ton and a half of costly electrodes “6 
used on the 10.500 feet of welding, dollar stainless steel 


savings were 
appreciable. welding job 
Suitability of the Controlare for Arcair gauging and cutting 
was another reason for the choice of this machine. 
For better performance on any welding job, the Vickers 
Controlare magnetic amplifier-rectifier DC Welder provides 
automatic control of current and type of arc adaptable to changes 
in welding conditions. For complete information on this unusual 
welding machine, write today for Bulletins EPD 7116-1. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1853 LOCUST STREET SAINT LOU!SS 3, MISSOURI 


For more details, circle No. 9 on Reader Information Card 
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LOS ANGELES | 


Frank Drahos presenting his paper at 
the April 17th meeting of the Los 


Angeles Section 


Some of the many members and guests of the section who turned out to hear Mr. 
Drahos’ speak on ‘Welding for Nuclear Systems Service” 


Enjoying refreshments prior to meeting are (left to right) 
Leo West, Al Thompson, Al Fenlason and John Ross 


Also having a good time are Arnold Jensen, Jack Riley, 
Don Cooney, Chet Shira and Bill Arter 


they were approached, starting with 
the customers’ station’? which is a 
converter unit costing 25 to 30 thou- 
sand dollars each and supplied to the 
without cost. This was fol- 


customer 


lowed } 


y the step-by-step viewing of 
the many types of mobile units, lique- 
faction units, manner of quality con- 


trol and purification units. Approxi- 
mately 3 hours time was consumed in 
a very interesting and educational 
evening's program which concluded 
with refreshments. The event was 


highly enjoyed and appreciated by 
all those in attendance. 


NUCLEAR SYSTEMS 


Huntington Park, Calif.—Featured 
as the guest speaker at the April 17th 
dinner meeting of the Los Angeles Sec- 
tion, was the past chairman of the sec- 
tion, Frank R. Drahos. Mr. Drahos is 
senior metallurgist for the Byron- 
Jackson Division, Borg Warner Corp. 
His subject for the evening was 


‘Welding for Nuclear Systems Serv- 
ice.” His subject was quite timely 
and of exceptional interest, especially 
since welding is one of the most im- 
portant factors in the growth of the 
nuclear industry. Mr. Drahos ex- 
plained why ordinary methods of 
welding and inspection of materials 
are not always acceptable for nucleai 
systems service. He explained how 
quality control of welding techniques, 
welding operators and designs are of 
vital necessity. The talk, well sup- 


MAHONING VALLEY SECTION 


6 


Resistance-welding school members attending a lab session 
at the plant of the Taylor Winfield Corp. in Warren, Ohio 
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HOLDS RESISTANCE-WELDING 
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CLASSES 


Another group of interested students watching lab demon- 
strations at Federal Machine & Welder Co. plant 
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DATO EXPLAINS GAS-SHIELDED MAGNETIC-FLUX WELDING 


Ed” Dato was the guest speaker at 
the March 18th meeting of the New 
Jersey Section 


‘ 


A large crowd was on hand to hear Mr. Dato speak on the gas-shielded magnetic- 


flux welding process 


rted by numerous slides, covered in 
tail the welding, testing and inspec- 
of reactor units. 


RESISTANCE WELDING 


Youngstown, Ohio.—The Mahon- 
Valley Section has successfully 
cluded a resistance-welding school 


March and 
ril as an educational project. The 


h was held during 


rse consisted of 6 weekly sessions 
March 4th through April Sth and 
s held in the auditorium of the 
Kdison Co. The first 
nsisted of a lecture and film on the 


session 
principles of resistance welding 
| was presented by Emmet Craig of 
ral Machine and Welder Co. 
second session consisted of lab 
ions and plant tours at the plants 
the Federal Machine and Welder 
and Taylor- Winfield 
ren, Ohio, both manufacturers of 


Corp. in 


sistance-welding equipment. 

Stuart Rockafellow 3, of Robot- 
Corp. delivered an 
at the third 

ctronic welder control. 


interesting 
session covering 
The fourth 
practice and 
iality control and was presented by 
(reorge Zeis of Harrison Radiator 
rp., Buffalo, N. Y. 
Foss Woodward of Taylor-Winfield 
Corp. presented the fifth lecture 
which covered some of the special 
machinery used in 
welding. The sixth and 
ist session consisted of a plant tour 


ture covered shop 


iss-production 


sistance 


{ the Westinghouse Transformer Di- 
ision at Sharon, Pa. This plant uses 
resistance welding quite extensively 
n the fabrication of its transformer 
tanks, 

The course created considerable in- 
terest in the Mahoning Valley area 
nd the attendance substantially ex- 
eeded the original estimate. The 
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attendance at each session averaged 
170 or better 

The course was 
the chairmanship of Emmet Craig 
educational committee chairman of 
the local chapter and chief sales en- 
gineer at the Federal ( le and 
Welder Co Hi was assisted by 
Fritz Forthoefel of the 
tric Co., president of the local chapter 
sob Foxall and Peter Allen of the 
Federal Machine and Welder Co 
Forrest Johnson of American Welding 
and Manufacturing Co. and Harry 
Kauffman of Taylor-Winfield Corp. 


MAGNETIC-FLUX WELDING 
Newark, N. J.—Approximately 8&5 


members and guests of the New Jersey 
Section were on hand to hear the tech- 
nical speaker for the evening J. E. 
Dato AWS, Linde Co 


presentation on gas-shielded magnetic- 


give an excellent 


flux ling at the March ISth dinner 
meeting he it the essex House Hotel 
N 


Wit the hely o ojected slides, 


sO r, Mr. D ribed the 
t s s lar to 
t ~ ~ v velding 
us ( 300-lb drums. 
Magnetic flux and COs. gas are auto- 
mat fed to a gul r torch where 
the velding urrent establishes a 
magnet t attract- 
ng the flux to tl As a result 
the wire or electrod flux coated 

Excellent mechar properties are 
trength of 66,000 
ps st 78.000 psi 
nd y+ 

By trat horizontal 


fillets and X-ray ialitv butt welds 


with easy slag r il were obtained 
in i t t sit rates 50% 
faster than those p led by manual 
elect es 


PHILADELPHIA SECTION APRIL PANEL 


Panelists who discussed the welding of low-chrome alloy steels on April 4 were 
(left to right): James A. Pratt, Joseph E. Carney, Charles D. Cooper and Walter H. 


Wooding (moderator) 
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A dinner attended by 59 members 
and guests preceded the technical 
meeting followed by coffee speaker 
Herbert Pflaster, a lawyer and ac- 
countant, whose subject was “In- 
dividual Federal Income Taxes.” 

The evening’s activities were con- 
cluded by an after-meeting snack and 
get-together. 


LOW-HYDROGEN 
ELECTRODES 


New York, N. Y.—The final 1957 
58 meeting of the New York Section 
was held on Tuesday, April 8, 1958, 
The speaker of the evening was D. C. 
Smith WS, chief metallurgist, Elee- 
trode Division of the Harnischfeger 
Corp., Milwaukee, Wis 

Dr. Smith’s announced topic was 
“Are Welding and Electrodes,’’ but 
inasmuch as the subject was so broad 
Mr. Smith limited his discussion to 
the welding of armor and high-tensile 
steels, with conventional, low-hydro- 
gen and low-hydrogen iron-oxide elec- 
trodes Dr. Smith favored the latter 
two types and presented a convincing 
tabulation of their advantages and 
also discussed the limitations or 
shortcomings of all types. 

An inspired question-and-answer 
period followed Dr. Smith’s — talk. 
The technical chairman for the eve- 
ning was J. L. Cahill of the New York 
Navy Yard 

The meeting was held at Victor’s 
Restaurant—1! East 35th Street, New 
York City, and an excellent dinner 
was served prior to the meeting. 


HIGH-TEMPERATURE 
BRAZING 


Pittsfield, Mass.—The final tech- 
nical meeting of the 1957-5S season 
for the Northern New York Section 
took place on April 10th, at the Stan- 
ley Club in Pittsfield. The speaker 
was George 8. Hoppin III @3, of the 
Metals Joining Section, Flight Pro- 
pulsion Laboratory Department, Gen- 
eral Electric Co. His talk was ‘“‘High 
Temperature Brazing.”’ 


American Welding Society 
Philadelphia Section 

Your thoughtful gift of flowers 
in memory of Dr. Comfort A. 
Adams was greatly appreciated. 

Such kindly thoughts bring real 
comfort at the time of loss and in 
the many days that follow. 


Sincerely, 


Ethel M. Adams 
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RESISTANCE-WELDER DESIGN 


BODENHEIM 


Francis A. Bodenheim speaking on 
“Trends in Automatic Resistance- Welder 
Design’ at the April 21st meeting of 
Philadelphia Section 


COVERED BY 


Here, guest speaker Bodenheim is 
shown at dinner with Program Chair- 
man Carl Schaub (left) and Jim 
MacKinney 


RESISTANCE-WELDING 
AUTOMATION 


Philadelphia, Pa.—The Philadel- 
phia Section held its regular monthly 
technical meeting on Monday, April 
2ist, at the Engineers’ Club. The 
subject on resistance welding served 
to attract many who do not attend 
sessions on other processes. Approxi- 
mately seventy members and guests 
heard a talk by F. A. Bodenheim Ss, 
sales manager of the Federal Machine 
and Welder Co. He was ably as- 
sisted by C. W. Middlestead W3, dur- 
ing the question-and-answer period. 
Mr. Middlestead operates his own 
company in Philadelphia. 

Mr. Bodenheim spoke on the topic, 
“Trends in Automatic Resistance- 
Welder Design.”” He mentioned that 
resistance welder development had 
been spurred on by the Second World 
War, but had really ‘gone into high 
gear’? since that time. There had 
been some over-development and 


over-complication which had proved 
to be detrimental, temporarily, to the 
over-all program. His talk favored 
the industrial engineering aspects of 
resistance welder development and its 
relation to automation in the opera- 
tion of a plant. 

In his talk, Mr. Bodenheim dis- 
cussed automatic resistance welders 
in three main categories. The first of 
these was the machine which per- 
formed multiple resistance welds but 
no other operations. Next in ordet 
was the multiple operation machine 
which also incorporated processes 
other than welding. The final step 
was for complete automation of the 
line with the resistance welder being 
an important station in the line. He 
presented cause histories ol each cate- 
gory giving costs, rates of production 
and manpower requirements before 
and after the application of automatic 
welding. The production rates which 
were obtained with multiple operation 
machines or automated lines were 


1958 DIRECTORS OF SAN ANTONIO SECTION 


Seated (left to right) are: Ray Johnson, E. E. Wagner, Fred W. Smith, Bob Hamilton 
and J. A. Rounds. Standing, in same order, are: Robert Gordon, Franz Engels, 
H. F. Burkhart, C. E. Hosier and Roy D. Sprague 
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HEAR HAMMER ON METALLURGY OF WELDING 


Large group attended the April 22nd meeting of San Antonio Section to hear W. A. Hammer speak on the ‘Metallurgical 


Why's of Welding” 


most impressive at 600 to 700 assem- 
blies per hr. 

The talk was very well illustrated 
by means of slides and a motion pic- 
ture. 

The April Panel Discussion meeting 
vas held on April 4th at the Engi- 
neers’ Club. Walter H. Wooding, 
hairman of the panel discussion com- 
nittee, acted as moderator on the sub- 
ect of “Welding of Low Chrome Alloy 
He was assisted by Joseph E. 

irney, Sun Oil Co.; Charles D. 
Looper, Metal and Thermit Corp.; 
nd James A. Pratt of Westinghouse. 


Steels.”’ 


WELDING DISTORTION 


Providence, R. I.—The newly 
ormed Providence Section held its fifth 
eeting of the season on January 
Hummocks in 
Providence, with nearly 100 members 
n attendance. 

Guest speaker was La Motte Grover 
WS, welding engineer with Air Reduc- 
tion Co., New York. Mr. Grover 
presented a fundamental discussion on 
the factors covering distortion, and 


Sth at Johnson’s 


made recommendations on the control 
ind correction of undesirable distor- 
tion. He explained various practical 
methods followed to control distortion 
by fixturing, welding sequence, joint 
preparation, pre- and _ postheating, 
filler metal selection, etc. 

Mr. Grover’s talk, accompanied by 
numerous slides, illustrated many of 
the different types of distortion en- 
countered and the solutions employed 
to insure sound weldments with an 
absence of or a minimum of harmless 
distortion. 

Prior to the dinner, members and 
guests gathered as usual for their 
social hour. After dinner, the section 
chairman, Mr. Thielsch, made a few 
brief comments on his recent visit to 
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Kurope which were very interesting 
and enjoyed by all 

Carl Rimmler, chairman of the 
welding problems committee, also 
gave answers to several welding prob- 
members. Mr. 
Rimmler’s very illustrative and hu 


lems submitted by 


morous approach held the attention of 
the audience and helped to provide 
local industry with the technical 
answers desired $y means of the 
welding problems committee, local 
industry can obtain solutions to vex- 
ing welding problems and insure bet- 
ter products at lower cost. 


METALLURGY 


San Antonio, Tex.—The San An- 
tonio Section held its regular dinner 
meeting on Tuesday, April 22nd, at 
Stranger’s Party House. W.A. Ham- 
mer, metallurgical engineer for Jor- 
gensen Steel Company of Dallas, gave 
a very fine talk on ‘Metallurgical 
Whvy’s of Welding” that proved bene- 
ficial to all, 


SECOND WELDING SHOW 
San Jose, Calif.—The Second Weld- 


ing, Brazing and Heat-treating Show 
sponsored by the Santa Clara Valley 
Section was very well received by 
The ex- 
hibitors spoke highly of the type of 
visitors who attended the show on 
March 27th, 28th and 29th. There 
was a total of 22 separate booths with 
45 companies represented. The 
booths covered a total of 4080 sq ft. 
The show was held at the Exposition 
Hall of the Santa Clara County Fair 
Grounds in San Jose. The exhibitors 
also expressed their appreciation of 
the conduct and organization of the 
welding show. 


both exhibitors and visitors. 
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HISTORY OF WELDING 
San Jose, Calif—Ray L. Townsend 


> 
AW president ol Tweceo Products 
In Wichita, Kan presented a his- 
tory of welding at the April 29th meet- 
ing of the Santa Clara Valley Section 
projection Mr 


Townsend told about the early proc- 


Preceding the pictoria 


esses and material that have led to to- 
day’s vast knowledge of fusion weld- 
ing In his talk he referred to infor- 


mation published iz 


i the early days ol 
i brought out 


that few people by comparison, who 


welding The meetil 
are today engaged in welding pursuits 


were in the welding field prior to 1940 


WELDING CODES 


Toledo, Ohio.— William Kramer of 
the Chicago office of the Pure Oil Co. 
spoke on *'( odes for Welding” at the 
April dinner meeting of the Toledo 
Section held at the Maumee River 
Yacht Club on April &th 

Mr. Kramer reviewed the need for 
safety codes in boiler work. The 
speaker then chronologically itemized 
the inclusions in the codes which af- 
fected or pertained to welding. Im- 
portant milestones were mentioned. 
In 1925 welding was first acknowl- 
edged in an unfired pressure-vessel 
code In 1931 the first all-welded 
pressure vessel was manufactured 
under the ASME cod 

The speaker revealed the current 
trend is now for individual states to 
adopt the ASME code as the state 


code 

SILVER-ALLOY BRAZING 
Thompsonville, Conn.—The regu- 

lar meeting of the Western Mas- 


sachusetts Section was held at the 
Silhouette Restaurant, Thompsonville, 
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WELDING SHOW SPONSORED BY SANTA CLARA VALLEY SECTION 


In the center, top photograph, Charley Robinson (extreme left) and Ray Townsend (extreme right) relax with other ‘men of 
welding’ during the Second Welding, Brazing & Heat Treating Show held on the Santa Clara County Fair Grounds in San 
Jose, Calif. Sponsored by the Santa Clara Valley Section, the show featured the exhibits of 45 companies and was held 


from the 25th through the 27th of March 


Con n Tuesday evening, April Sth. 
Technical speaker was A. W. Swift 
WSJ, Engineering Division of Handy «& 


Harman, who spoke on “Silver-Alloy 
grazing.’ His talk was illustrated 
with slides. A lively discussion fol- 


ANNUAL SPRING 
SYMPOSIUM 


Grand Rapids, Mich.—The An- 
nual Spring Symposium of the West- 
ern Michigan Section was held on 
Friday, April llth, at the Morton 
House in Grand Rapids. This was 
an all aay affair starting with regis- 
tration at S A.M. Speakers on 
various subjects which have been of 
the most interest throughout the vear 
were featured 

The first session was addressed by 
Howard Adkins WS, of the Kaiser 
Aluminum and Chemical Co. on the 
practical aspects of inert-gas-shielded 
are welding of aluminum by both the 
tungsten-are and  consumable-elec- 


trode methods. Mr. Adkins’ lecture, 
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accompanied by slides and film, was 
very ably presented and was one of 
the highlights of the meeting. 

After the session there was a coffee 
break followed by the second speaker, 
Stuart Rockafellow WS, of the Robot- 
ron Corp. of Detroit. Mr. Rocka- 
fellow spoke resistance-welding 
controls which was of vital interest to 
all, as resistance welding is one phase 
of welding that is commonly used in 
this area. Luncheon was served in 
the same room where the meetings 
were held. 

The afternoon sessions were led off 
by A. J. Dearing WS, of the A. O. 
Smith Corp., Milwaukee. Mr. Dear- 
ing spoke on fixturing for automatic 
welding, a subject he is well qualified 
to discuss due to his great amount 
of practical experience in this field. 
The afternoon coffee break followed. 

The last session of the day was 
covered by C. R. Gingerich of the 
Linde Co., Detroit. Mr. Gingerich 
spoke on oxyacetylene brazing and 
showed an excellent film on the sub- 
ject. 
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It was agreed that the caliber of 
speakers was the best and the affair 
Was a great success. 


PLANT TOUR 


East Stroudsburg, Pa.—-l’ifty-four 
members and guests of the Lehigh 
Valley Section traveled to East 
Stroudsburg on the evening of April 
7th, where they toured the plant of 
the Patterson-Kelley Co 

As engineers and manufacturers of 
heat-transfer equipment and pressure 
vessels, the Patterson-Kelley Co 
welds stainless steel, copper and com- 
mon carbon steels. The members 
noted with interest the many types of 
shielded-are-welding processes and 
welding setups that the company em- 
ploys in its plant. The visitors also 
spent quite a bit of time inspecting the 
X-raying and testing methods used 
by the company to meet the various 
code requirements. 

Dinner at Walps Restaurant in 
Allentown preceded the tour. 
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INERT-GAS WELDING 


Louisville, Ky.—One of the largest 
turnouts of the year of the Louisville 
Section, over 40 members and guests, 
were present on April 22nd to hear H. 
D. Mann 8, of Air Reduction present 
a semi-technical talk entitled, ‘‘New 
Developments in Inert-Gas Weld- 
ing.”” Mr. Mann had previously ad- 
dressed the section and his talk had 
been extremely well received. 

Plagued by poor attendance all 
year, the section officers decided to 
take positive steps to assure a good 
attendance at this meeting. Each 
officer contacted S members and in- 
vited them to the meeting. To 
stimulate interest further, pre- 
meeting social hour was held so that 
the members would have an opportu- 
nity to get together socially Coffee 
speaker Louis Panke of the Southern 
Jel] Telephon and Telegraph Co. 
discussed future telephone equipment 
A door prize was also given. 

All this, together with Mr. Mann’s 
excellent talk, produced one of the 


most successful meetings of the ve: 


WELDED BRIDGES 


Baltimore, Md.—On the evening ol 
April ISth, the regular meeting of the 
Varyland Section was held at the 
Baltimore Engineers Club. An un- 
isually fine turnout of 70 members 
ind guests was on hand for the dinne1 
nd to hear the coffee speaker, Henry 
sarnes, traffic and transit engineer 
for the City of Baltimore Mi 
Barnes described the new electronic 
ontrol center for the city traffic light 
vstem. The timing is automatically 
hanged in accordance with traffie 
ensity and direction. He also dis- 
ussed other traffic problems and local 

lutions 

Later, approximately 85 peopl 
vere present for the technical talk 
given by Omer Blodgett @W3, of the 
Lincoln Electrie Co. His talk was 
entitled, ‘Welded Bridges—A Prog- 


ress Report.’’ The audience, with 


it number of structural and architec- 
tural design engineers present, listened 
to a very instructive and interesting 
presentation of bridge girder design 
The speaker pointed out that proper 
calculation of girder section and web 
stiffeners can result in significant sav- 
gs in material. Location of butt 


welds and weld procedure were dis- 


in 


ussed. Design in the new Kuropean 
bridges was shown in several slides 
and described primarily as box and 
plate girder design and pier supported 
In general, they are using low-alloy 
high-tensile steels as the girder mate- 
rials, 


The lengthy and lively discussion 
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period that followed the talk indi- 
cated the interest in the subject and 
the ability of the speaker. 


STUD WELDING 


Miami, Fla.—The South Florida 
Section held its regular monthly 
meeting on Wednesday evening, April 
l6th, at the Miami Firemen’s Benevo- 
lent Association Hall Robert D. 
McCahan WS, of the Nelson Stud 
Welding Division of Gregory Indus- 
tries, gave an illustrated talk on stud 
Starting with a brief his- 


tory of the origin and initial applica- 


welding 


tion of stud welding, he traced the 
rapid progress and expanding fields 
where stud welding has reduced cost 
and, at the same time provided a 
better end product 

To complete the evening, Mr. Me- 
Cahan provided a portable unit and 
invited the thirty-two guests and 
members to “shoot”? studs—an op- 
portunity enjoyed by all 


TUBE-TO-SHEET WELDING 


Syracuse, N. Y.—The April 9th 
meeting of the Syracuse Section was 
held at the Onondaga Hotel The 
dinner was attended by 25 members 
and guests who also heard a humorous 
talk by the coffee speaker, R. L. 
Jones, Jr., on “Scorpions and Earth 


Twenty additional members were 
present at the technical meeting which 
followed to hear a member of the sec- 
tion, Lowell Hawthorne, head of the 
Welding section Research 
tory, Revere Copper 
Rom« New York, speak on ‘‘Auto- 
Welding,” a 


new process for joining tubes to flat 


Labora- 


and Brass Co 


mati Tubs -to-Sheet 


sheet metal using a gas-shielded tung- 
stel electrode Wit! electron con- 
trols This process was developed in 
the Revere Laboratory with Mn) 
Hawthorne playing a major part. It 
is applicable to most comm on metals, 
ind experiments in special applica- 


WESTERN MICHIGAN SECTION SPONSORS SPRING 


SYMPOSIUM 


x 
4 


Howard Adkins spoke on the practical 
aspects of inert-gas welding of alumi- 
num at the April 11 Symposium 


The subject of A. J. Dearing’s talk was 
“Fixturing for Automatic Welding” 


Section News and Events 


Resistance-welding controls were dis- 
cussed before Western Michigan Sec- 
tion by Stuart Rockcfellow 


C. R. Gingerich explained the various 
aspects of oxyacetylene brazing 
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tions also are being continued. 
Mr. Hawthorne’s talk was well re- 
ceived, as shown by the number of 


questions he was called upon to 
answer, 

The meeting was coneluded with 
the awarding of a door prize after which 
a luncheon was served. 


MODERN WELDMENTS 


Worcester, Mass.—In spite of the 
fact that the evening of April 7th 
was very stormy, 42 members of the 
Worcester Section were present for 
dinner and 10 more attended the 
meeting which followed. This turn- 
out on such an evening was a wonder- 
ful tribute to the reputation of the 
speaker, Thomas B. Walsh, plant 
manager, Avery-Saul Company, Cam- 
bridge, Mass. His talk was on 
“Nlodern Weldments.” He showed 
a reel of film related to, and connected 
with, operations at the company’s 
two plants. Then, through the med- 
ium of a “reflectoscope,”’ he showed 
pictures taken by a commercial pho- 
tographer of many weldments Avery- 
Saul have made for atomic energy 
equipment, as well as bases, ete., for 
the machine tool manufacturers in the 
New England region. These features, 
together with his commentary on each 
picture shown, and the customary 
question period, kept the meeting in 
session until 10:15 P.M. 

These pictures and the commentary 
covered all phases of weldment fabri- 
eation and asse mbly, namely burn- 
ing, beveling, shearing, punching, 
drilling, fitup, welding sequence and 
welding processes from manual are to 
ully automatic, and even included a 
few home-made “‘Rube Goldberg” 
devices that work very well in thei 
shops They ineluded X-ray, heat 
treatment of outsize weldments, sand 
blast, paint and finally shipment to 
This latter posed one 
or two interesting problems, where 


the customer 


the weldment involved was much too 
large to go through any door. This 
necessitated removal of a portion ol 
the building wall, and then by manip- 
ulation just managed to slide by 
the columns of the building itseli 
His company recognizes no limit to 
the length, width or height, of a cus- 
tomer’s weldment requirement. They 
have a staff of qualified help and are 
continually working to Army and 
Navy specifications, 

Mr. Walsh had addressed this 
section 5 vears ago, at which time he 
also presented an interesting talk. 
Avery-Saul’s experience during the 
intervening period made this much 
more informative. Who would be 
rash enough to hazard a guess as to 
what progress the next five years will 
unfold? 
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AN INVITATION TO AUTHORS 
—to participate in the American Welding Society's 


40th ANNUAL CONVENTION AND MEETING 
Chicago, Ill_—Apr. 6-10, 1959 


Gentlemen: 
The American Welding Society will hold its 40th Annual Convention 
and Meeting in Chicago, Ill., on Apr. 6-10, 1959. 


Each year our Society offers opportunities to Authors for bringing 
their outstanding work, development and research to the attention of our 
Membership and the welding and metals industry, by having previously 
unpresented and unpublished papers presented at its national meetings. 


The Society's Technical Papers Committee will be happy to receive 
your application for entry in the 40th Annual Meeting activity. All 
applications, abstracts and manuscripts will be screened by the Com- 
mittee, and Authors will be notified sometime in October 1958 regarding 
acceptance. 


Each abstract should be sufficiently descriptive to give the Com- 
mittee a clear idea of the content of the proposed paper. In any case, 
it should contain not less than 500—but not more than 1000—words. 
Also, in order to place the Committee in the best possible position to 
evaluate these papers, it is suggested that each abstract be accom- 
panied by a complete manuscript. 


The Committee reserves the right to consider all applications on the 
basis of acceptance for placing on the 40th Annual Meeting Program; 
or consideration for placing on the Program of the succeeding national 
meeting of the Society, the 1959 National Fall Meeting. Papers may be 
considered for publication in The Welding Journal regardless of ac- 
ceptance for presentation at either Meeting. 


Papers dealing with latest developments in (1) fabrication and 
maintenance of equipment used for radioactive applications, (2) 
pressure vessels and storage tanks, (3) equipment and pipe lines used in 
petroleum industry, (4) machinery design and fabrication, (5) structures, 
(6) automation as applied to resistance welding, inert-arc welding and 
other welding processes, (7) welding of castings and composite struc- 
tures, (8) welding of dissimilar metals, (9) welding of aluminum, mag- 
nesium, zirconium, titanium, molybdenum and like metals, (10) brazing, 
(11) soft soldering, (12) welding of plastics, and (13) practical applica- 
tions or “how-to-do" topics are deemed to be of particular interest at 
the Chicago meeting. However, any papers dealing with the educa- 
tional and informative categories of welding production, engineering, 
research and metallurgy, are welcomed as long as the subject falls 
within the field of our Society's activities. 


Authors’ Application Forms were mailed a few weeks ago to all 
members of our Society; additional copies may be obtained by writing 
directly to AWS headquarters. To assure consideration for the 40th 
Annual Meeting Program, abstracts must reach AWS not later than 
Aug. 15, 1958. 

Sincerely, 
Fred L. Plummer 
National Secretary 
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_ Now—two ways to weld dissimilar alloys 


...and most problem joints 


1. Inco-Weld “A” Wire for 
inert-gas metal arc welding... 


Production weld dissimilar alloys with the new 
Inco-Weld “‘A’”* Wire and the inert-gas metal 
are process. Inco-Weld “A” Wire gives you all 
the advantages you get from the electrode with 
this important extra: 


An Inco-Weld “A” Wire deposit can be age- 
hardened. This property is extremely important 
if you’re welding super alloys that are to be age- 
hardened after fabrication. 


2. Inco-Weld “A” Electrode 
for metal-arc welding... 


Field weld dissimilar alloys and hard-to-get-at 
joints with Inco-Weld “A’’* Electrode (with the 
green flux coating) and the metal-are process. 
Along with its name change (formerly sold as 
Inco-Rod “A” electrode) you’ll find it’s been im- 
proved to give even greater hot ductility. 

Either way — with wire or electrode — you get 
excellent operability in all positions ... easy 
slag removal ...spray-type are .. . corrosion 
resistance in most cases equivalent to or better 
than either of the alloys being joined. 

Get this new booklet — 

“Now You Can Weld Dissimilar Alloys — Easily” 
Illustrated with many case histories on problem welds 
solved with both electrode and wire ... this booklet gives 
results on test data involving a wide variety of dissimilar 
alloys welded successfully. For your copy, write: 


*Trademark of The Internatiorial Nickel Company, Inc 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street IKCO. New York 5, N. Y. 


INCO WELDING PRODUCTS 


electrodes - wires - fluxes 
For more details, circle No. 10 on Reader information Card 
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Chainey, Rudluff (C 
Ciliddet Kenneth M. (C 
MeMullen, William (C 


BRIDGEPORT 
Noser, Robert W 
CAROLINA 
Santora, Ralph J. (B 


CHICAGO 
Beck, Paul F. (D 


Denny, Clarence L. (C 


Edmondson, William (C 


French, J. W. (B 
Shipley, Russell B. (B 
HOUSTON 
Kollmargen, M. A. (C 
Parker, H. V. (B) 
INDIANA 

Merritt, Donald E. (C 


Outealt, Arthur A. (C 
Spade, tobert L. (B 


Cox, D. (C) 

Hackney, Lester B. (C) 
Hegner, Theodore K. (C) 
Lapotko, Francis P. (C) 
Miller, David P. (B) 
Schulthes, Vernon F. (C 
Struck, Walter K. (C) 


NEBRASKA 


MeGill, Hugh T. (C) 
Mellen, Floyd F., Jr. (C) 


NEW HAMPSHIRE 


Gann, Delbert Clausine (B 


PHILADELPHIA 
Powell, Allison H. (B 


PITTSBURGH 
Reed, Arthur N. (C 


PROVIDENCE 


Chaset, Archie J. (( 
Copley, Harry Jr. ( 
Ebeling, Gerhard H. (B 
Neale, Howard I. (B 


Hutton, Elliott ¢ B 

Lussier, George A. (B) 

Pr. (D Vander Hart, Case (C SAGINAW VALLEY 
enze, Carl (D 

William A. (B IOWA-ILLINOIS NEW JERSEY Filiatraut, Melvin (B 


Morris, Edward 1). (B 
Swanstrom, Ralph H. (B 


Bradshaw, William M. (C 
Morris, Kenneth D. (C 


Cremins, William F. (B 
Feller, Norman J. (B) 


ST. LOUIS 


Weinhold, Alvin Gustave (B Hughes, Thomas Christopher Gnau, Gordon (C 

Wheeler, Russell C. (C KANSAS CITY ; (B Hart, Clarence L. (¢ 
Blanton, Darrell L. (¢ Hoffman, William F., Jr. (¢ 

CINCINNATI Cannon, Ernest H., Jr. (B NEW YORK Howard, Wilbur E. (B 


Fisenlohr, Alfred (C 
Jahnke tobert H. (B 
Jeffers, William R., Jr. (B 
Kellner, R. G. (C 
Krahling, William (B 


CLEVELAND 


Ayres, William C. (B 
Dilley, Donald C. (B 
Holland, Regis W. (B 
Karnatz, Eva M. (C 


Moerke, Ned H. (C 
Moline, Gordon H. (B 
Springer, Hugh A. (B 
Stavig, Marcel Edwin (C 
Suddath, James V. (C 
Vernon, Harley A. (C 


LEHIGH VALLEY 
Wagner, John G. (C) 


LONG BEACH 
De Rubeis, George J. (B 
Roberts, Everet (C) 


Anderson, J. B. R. (B) 


NIAGARA FRONTIER 


Angstadt, John W. (C) 
Bender, Michael (B) 
Civello, Charles R. (C) 
Dombrowski, Henry J. (C) 
Garrow, Gerald L. (C) 
Grieble, Gordon A. (C) 
Grieble, Martin B. (C) 
Lamont, Wm. D. (B) 
Schroeder, Norman (C) 


Lampe, Lester F. (¢ 
Stanford, Lowell (C 


SALT LAKE CITY 


Reno, Edward M. (¢ 
Williamsen, L. Clair (B 


SAN FRANCISCO 
Ahrnsbrak, Russell (D 
Ballentine, Harlan C. (D) 
Brown, Daniel E. (D 
Clites, Wayne R. (D 


COLORADO 
Duggan, Jeremiah John (D) 
Boyd, Reginald B. (B NORTHEAST TENNESSEE Fagan, Jack B. (C 
Corbett, Glee E (C) Ellington, Oma L. (C) Schmutz, Henry A. (D 
COLUMBUS Hamilton, H. L. (B) Wilson, Jack Harold (D 


Dickson, Paul W. (C 
Smith, Victor E. (C 
DALLAS 


Greene, William H. (B) 
Hoban, David M. (B) 
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Deason, E. Patrick (B) 
Levens, Donald D. (B) 


MePhalen, Earnest John (C) 


Mooney, Henry Clay (C) 
Setterlund, Richard B. (C) 
Tuttle, Robert E. (B) 
Wortman, Robert W. (B) 


Maginnis, James J. (B) 
tutkav, Thomas R. (B) 
NORTHERN NEW YORK 


Broland, James F. (C) 
Whitney, Ernest N. (B) 


Wood, Chas. G. (C 


SANTA CLARA VALLEY 
Christensen, Grover N. (B) 
Fantozzi, Al (C) 

Locke, Armand L. (C 
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“ D—Student Member E—Honorary Member F—Life Member “* 
wi 
Support Your Society—Be Active! 
ATLANTA DETROIT MADISON NORTHWEST 
x Thomas, John P. (B Geist, Wood M. (C) O'Donnell, Sylvester K. (B) Frazier, Donald (C 

Keller, Harry FE. (¢ Love, Merrill F. (B we 
BATON ROUGE MAHONING VALLEY Lindley A. (B 

HARTFORD arkinson, Lindley 
Templet, Olieus J. (B ‘ ‘ Reed, Vincent R. (B) 

Jones, Benjamin L. (¢ NORTHWESTERN YC 
BIRMINGHAM Meinhardt, John E. (C MARYLAND PENNSYLVANIA “a 
Steward, Chas. C. (C Vaughan, Frederick A. (B Corn, Markus O. (C) Mansfield, Richard E. (C 
Swader, W.S., Sr. (C HOLSTON VALLEY Watson, J. Ford (C) a 

BOSTON Cox, George (C) MILWAUKEE 
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i Penninger, Frank A. (B) Staub, Russell (B 
2obertson, Chester G., Jr. (C 
4 SHREVEPORT During the Month of April 
3 Adams, W. E. (B 
we BRIDGEPORT 
SYRACUSE 
5 Gustin, Raphael E. (( Kotchian, John F. (C to B 
TOLEDO CLEVELAND 
179 & McGee, Louis F. (B Champion, T. P. (B to A 
,090 TULSA HARTFORD 
960 Pi llips Charles kK B Jones, Jenjamin L.(C to B 
198 KANSAS CITY 
8 WASHINGTON, D. C. 
15 Fowler, James W Cc Lewis, David, Il(CtoB 
Honnor, Arthur Francis (B LONG ISLAND 
,450 
WESTERN MICHIGAN Biedermann, John A. (C to B 
Kinslev, George D. (B MADISON 
\Iatz, Rov W . > 
aton No inl tichare ( 0 
Schrader. Jack H. (B n, rman Ri t 
WORCESTER MILWAUKEE Colilmonoy 
\arshall, Ralph F. (B Fike. John P.(C toB 
YORK-CENTRAL PA. NIAGARA FRONTIER 
MEMBERS NOT IN PUGET SOUND 
SECTIONS h AH = 
toush, CtoB 
der, Wan, James ( Extrusion 
’e Kerversau, Emmanuel (B SAN ANTONIO 
lerrick, George J B 
irbrough, Elisha E. (B SAN FRANCISCO 
hmizu, Saburo (B Hirakawa, Harry Y. (D to ¢ 
Tests revealed a tremendous increase in the service life 
of these Colmonoy hard-faced extrusion screws, as against 
the unprotected screws usually used. Orders for new 
replacements now specify Colmonoy hard-facing. 
Used for extruding plastic, these screws are made of age- 
hardening nickel-base alloy. This alloy is now readily 
hard-faced with little loss of hardness, using Colmonoy 
No. 6 gas rod and a new Colmonoy high temperature flux. 
WELD-GARD 
The 60-inch screws have 
STOPS WELD SPATTER a .050” overlay of Col- 
monoy No. 6 when finish 
prevents adhesion of weld spatter to metal ground. Colmonoy hard- 
non-toxic, non-inflammable, non-corrosive facing pays for itself in 
increased life very 
apply with brush quickly on expensive 
spatter is wiped off without marring finish parts such as these. 
CLEANS AND DEOXIDIZES To provide any metal part with longer life, investigate 
Colmonoy alloys and methods. They represent a com- 
ALUMINUM FOR BETTER WELDS plete line of wear resistant alloys and the most up-to-date 
a brush-on + wipe-off cleaner in hard-facing techniques. ao 
one application removes both organic and oxide xo 
contaminants Submit part drawings and a description of the 
wear encountered for a specific recommenda- b 
provides clean, low electrical resistant surfaces tion. Request Hard-Facing Manual No. 79. Sa 
Send for complete information and samples. MARDFACING ALLOWS 
The Clarkson Laboratories, Inc. | 
930 N. Darien St., Philadelphia 23, Pa. 
Welding Supply Dealers: dealers needed in some areas. OA. YORK 
_ Circle No. 11 on Reader Information Card Circle No. 12 on Reader information Card 
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For copies of articles, write directiy to publications in which they appear. A list of addresses is available on request. 


lircraft Manufacture. Fluid-Cooled Honeycomb: Spe- 
cial Furnaces, Core Machinery Fabricate Brazed Sandwich 
Structures. Metals, vol. 15, no. 11 (November 1957), 
pp. 50-51. 


fluminum Soldering. Soldering Aluminium. 
minum Development Assn.—Information Bul., no. 23 (Novem- 
ber 1957 35 pp. 

fre Welding. Inert-Gas Tungsten-Are Welding SAF 
$130 Steel Sheet, C. A. Terry and W. T. Tyler. Welding & 
Vetal Fabrication, vol. 25, no. 10 (October 1957), pp. 397 
102; no. 11 (November 1957), pp. 442-448. 


ire Welding. New Automatic Are-Welding Process. 


Beama J. vol, 64, no, 2 (May 1957), pp. 51-52. 


futomobile Manufacture. Multi-head Welding Equip- 
ment for Motor Bodies, J. R. Wright. \J/etropolttan-Vickers 
Gaz., vol. 28, no. 453 (April 1957), pp. 97-101. 


Brazing. Copper Brazing, T. W. Ferguson, Jr. Metal 
Treating, vol. 8, no. 5 (September-October 1957), pp. 6-7, 40, 
14, 55. 

Brazing. New ‘Type of Brazing Furnace. Welding & 
etal Fabrication, vol. 25, no. 12 (December 1957), pp. 469 
171 

Drydocks. Welded Construction in New Dry Dock on 
River Tyne, A. Storrar and J. B. Armstrong. Welder, vol. 26, 


no. 131 (July-September 1957), pp. 72-75. 


Feedwater Heaters. \\|-Welded Feed Heaters Reach 
3600 Psi, R. A. Beck. Power, vol. 101, no. 8 (August 1957) 
yp. S4-S5 


Friction Welding. Friction Welding, J. Mandaus and 
J. Viboril. Engrs.’ Digest, vol. 18, no. 11 (November 1957), 
pp. 490-491. 


Hard Surfacing. Weld Hard Facing Materials, W. A. 
Martin. Can. Metal Working, vol. 20, 11 (November 1957), 
pp. 58, 60, 62, 64. 

Light Metals. Practical Application of Inert-Gas Metal- 
\re Welding to Some Aluminium Alloys, Ek. M. Wilson. 
Welding & Metal Fabrication, vol. 25, no. 12 (December 1957), 
pp. 474-481. 


Maintenance and Repair. Remarkable Welded Repair 
to 3000-Ton Press. Welder, vol. 26, no. 131 (July-September 
1957), pp. 76-80. 

Nuclear Power Plants. Fabrication and Welding Tech- 
niques for Atomic Energy Plant. Nuclear Eng., vol. 1, no. 9 
December 1956), pp. 378-382. 

Nuclear Power Plants. Hinkley Point—Welded Fabri- 
cation for World’s Largest Atomic Power Station. Welding 
& Metal Fabrication, vol. 25, no. 11 (November 1957), pp. 
123-426. 

Nuclear Reactors. Fabrication of Special Equipment 
for Nuclear Energy Industry, C. A. Terry, N. H. Shuttle- 
worth, and D. C. Moore. Brit. Welding J., vol. 4, no. 10 
(October 1957), pp. 466-474. 

Nuclear Reactors. Welding Problems in Future Re- 
actors, 1. H. Hogg. Brit. Welding J., vol. 4, no. 10 (October 
1957), pp. 482-488. 

Oxygen Cutting. Automatic Flame Profiling of Plate 
in Shipyard Practice, W. H. Pearse and R. R. Sillifant. Weld- 
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ing & Metal Fabrication, vol. 25, no. 12 (December 1957) 
pp. 461-468. 


Oxygen-Cutting Machines. B.O.C. Tape-Controlled 
Flame-Profiling Machine. Machinery (Lond. vol. 91, 
no. 2350 (November 29, 1957), pp. 1288-1289. 


Pressure Vessels. Fabrication, Erection, and Welding 
of Dounreay Sphere, J. McLean and J. A. Forrest. Brit. 
Welding J., vol. 4, no. 10 (October 1957), pp. 457-466. 


Pressure Vessels. Some Welding Developments Appli- 
cable to Fabrication of Heavy Pressure Vessels for Nucleai 
Power Stations, J. A. Lucey, A. H. B. Swan and P. F. Wilks. 
Brit. Welding J., vol. 4, no. 10 (October 1957), pp. 449-457 


Resistance Welding. Projection Welding of 24 s.w.g. Mild 
Steel, J. E. Roberts and G. A. Phipps. Brit. Welding J 
vol. 4, no. 12 (December 1957), pp. 557-563. 


Soldering. [Electronic Reliability Can Be Designed-in, 
J. R. Smith. Automation, vol. 4, no. 2 (February 1957), 
pp. 73-79. 

Solders. Analysis of Silver Solder Alloys, E. Jackson. 
Metallurgia, vol. 56, no. 338 (December 1957), pp. 307-309. 


Stainless Steel. Tips on Welding Stainless, H. F. Reid, 
Jr. Iron Age, vol. 180, no. 26 (Dec. 26, 1957), pp. 58-60. 


Structures. Plastic Design of New Laboratory Block for 
B.W.R.A., J. Heyman. Brit. Welding J., vol. 4, no. 10 
(October 1957), pp. 488-495. 


Tantalum. Tantalum, F. G. Cox. Welding & Metal 
Fabrication, vol. 25, no. 11 (November 1957), pp. 416-422. 


Testing. Fatigue Testing of Butt Welds, J. H. Lavery 
W. A. Mapp, and W.S. Coates. Australasian Engr., (May 7, 
1957), pp. 66-68. 

Testing. Welds Made Between Some Wrought and Cast 
\luminium Alloys, and Welds in Some Cast Aluminium Al- 
loys—Preliminary Study, J.C. Bailey, J. A. Hirschfield and T 
Horwood. Welding & Metal Fabrication, vol. 25, no. 1) 
(November 1957), pp. 434-441. 


Ultrasonic Welding. New Ultrasonic Welder Takes on 
Production Job. Tron Age, vol. 180, no. 22 (Nov. 28, 1957 
pp. 86-87. 

Ultrasonic Welding. Ultrasonic Welding, T. W. Black 


Tool Engr., vol. 39, no. 6 (December 1957), pp. 111-113. 


Washing Machines. How Press and Weld Steps Forn 
Sheet Metal Units, H. Chase. Jron Age, vol. ISO, no. 25 
(December 19, 1957), pp. 140-141. 

Welding Costs. Arc-Welding Costs: Comparison o 
Welding Labour Productivity and Design Efficiency Betwee: 
Four Firms, A. G. Thompson. Brit. Welding J., vol. 4, no. 2 
(February 1957), pp. 97-102. 


Welding Electrodes. Welding Rod Trends, R. K. Lee 


Steel, vol. 141, no. 24 (Dee. 9, 1957), pp. 180, 183, 186, 189, 191 


Welding. Survey of Welding Progress in Great Britain 
W. 3S. Atkins. Jron & Coal Trades Rev., vol. 174, no. 4645 
(May 31, 1957), pp. 1277-1279. 

Welding. Works Engineer’s Approach to Welding, F. H. 
Dorney. Australasian Engr. (August 7, 1957), pp. 52-59. 


Welding Machines. Assembling Housings in Automati: 
Welder. Automation, vol. 4, no. 6 (June 1957), pp. 71-75. 
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K for 
10 the most complete stainless line in welding 

« Well over 400 stainless electrodes to meet every known 
need for welding stainless or dissimilar metals 

« All 3 types of electrode coatings—DC Titania, DC Lime 
and AC-DC Titania 

« Choice of bare wire (straight cut, coiled or spooled), 
or coated electrodes. 

« Continuing development program for formulating 
new Murex Stainless Electrodes to satisfy special 
engineering requirements 


letal 


.. backed up with a complete service package 
for the welding engineer 


+ Time-seasoned, weld-wise field representatives for 
personalized, on-the-spot service 

+ “Special Problems Staff’ backing up our field 
representatives for assistance on unusual stainless 
applications 

« Adequate stocks strategically located for ordering ¥ 
convenience 

+ Helpful, informative technical literature 


1645 FACT FILE 
NOW AVAILABLE! 


METAL & THERMIT 


‘ 7 For reference material prepared to aid CORPORATION 
ati you in your stainless welding operations GENERAL OFFICES: RAHWAY, NEW JERSEY 
5. write for the MUREX Stainless Fact File 

just printed ...If you have a specific 
NAL problem we will be glad to help. 


For more details, circle No. 13 on Reader information Card 
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ABSTRACTS OF CURRENT 


prepared by Vern L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington, D. C. 


COMBINATION ELEcTRIC WIRE 
William 


2,807,705 
STRIPPER AND WELDER 
Arrain, San Diego, Calif. 
In this patent, a combination electric 

Wire stripper and welder apparatus is pro- 

vided. The apparatus includes a pair of 

block assemblies, each having a pair of 
insulated side blocks and an insulated 
spacer fixed therebetween. The spacer 
has generally circular, shallow sockets on 
opposite sides thereof and electrode disks 
are held in the sockets by the blocks. 
Other means position the block assemblies 
to move them together with the electrodes 
in opposed but paired registration. The 
electrodes each have a plurality of pro- 
gressively sized notches therein and are 
rotatively adjustable to bring correspond- 
ing notches into registration to receive 
and hold pieces of electrical shielded wire 


2,807,707— FOR PERCUSSIVELY 
WeLpING Contacts Onto AN ARTICLE 
Robert O. Pirchler, Cicero, and Amos 
L. Quinlan, La Grange Park, IIL, as- 
signors to Western Electric Co., Ine. 
New York, N. Y., a corporation of New 
York 
A movable welding electrode is provided 
for carrying elements percussively 
welding them onto an article in this patent. 
Me ins are prov ided to hold the article 
and other means are provided for vieldabl\ 
supporting the holding means for vertical 
movement on indexible means provided in 
the apparatus. A member is present to 
actuate the indexible means step by step to 
bring different portions of the article sue- 
cessively into alignment with the welding 
electrode to weld elements onto the article. 


2,807,708-——Arc-WELDING APPARATUS AND 

Metruop—Nelson E. Anderson, Berke- 

ley Heights, William J. Greene, Scotch 

Plains, and Rawlins E. Purkhiser, 

Springfield, N. J., assignors to Air Re- 

duction Co., Inc., New York, N. Y.. a 

corporation ol New York. 

This patented are-welding apparatus 
includes a welding head and means to sup- 
ply a consumable electrode to the head at 
constant speed \ welding machine is 
provided and it has a drooping volt-ampere 
characteristic and includes a transformer 
with a saturable control core completely 
independent of the primary winding and 
linked in direct inductive relationship with 
the secondary winding. Certain means 
couple the output of the welding machine 
to the electrode and to a work piece while 
other means are provided to alter the 
saturation of the core inversely with 
changes in are voltage between the elec- 
trode and workpiece to maintain the are 


voltage substantially constant between 


630 


predetermined values of welding current. 


WELDING or TUBES AND THE 
Brennan, Cleveland, 


2,808,493 
Like—Joseph B 
Ohio. 

Brennan's patent is on a method of con- 
tinuously welding together a pair of bond- 
able metal faces and it comprises pressure 
contacting successive longitudinal sections 
of the faces to be welded together and mov- 
ing such pressure contacted faces only past 
substantially the highest intensity portion 
of an induction heating field to heat super- 
ficially successive longitudinal sections only 
of the thus contacting faces to welding 
temperature. While the metal faces are 
so moved to pass the heating field, the 
adjacent surfaces are ironed to eliminate 
formation of a flash bead. 


2,808,498— WELDING Torcu Wire 
Frerep—James A. Hudson, Chicago IIL, 
and Stanley H. Royer, Elizabeth, N. J., 
assignors to Union Carbide Corp., a 
corporation of New Y ork. 

The present patent is on an electric are 
gun ineluding a contactor for supplying 
electric current to a moving electrode wire 
while an electric motor is provided to drive 
feed means in the apparatus and engaging 
the wire to feed it to the contactor. A 
hollow armature is present and is rotatably 
journalled in the apparatus to have the 
wire pass through it on its way to the con- 
tactor. 

APPARATUS FOR ELEctTRIC ARC 
Nelson I. Anderson, Berke- 

ley Heights, N. J., assignor to Air Re- 

duction Co., Inec., New York, N. Y.. a 

corporation of New York. 


2,808,499 
WELDING 


Anderson’s patented apparatus includes 
an electric wire feed roll making driving 
engagement with an electrode wire, an 
electric motor means having sufficient in- 
ertia to prevent substantially instantane- 
ous stopping of the motor means after de- 
energization for driving the wire feed roll. 
\ clutch couples the motor means to the 
feed roll and other means are provided to 
disengage the clutch substantially simul- 
taneously with the interruption of power 
to the motor to effect substantially in- 
stantaneous stopping of the wire feed when 
the motor is de-energized. 


2,808,639-——Process or Securinc WELp- 
ING CABLES TO TERMINALS—Frederick 
S. Wreford, deceased, late of Detroit. 
Mich., by Annie A. M. Wreford, execu- 
trix, Detroit, Mich., assignor by mesne 
assignments, to Gar Wood Industries, 
Inc., Wayne, Mich., a corporation of 
Michigan. 
Wreford’s patented process is directed 

to the provision of welding cabies where- 


in substantially flat-sided insulation 
strips cooperate with other portions of the 
welding cable to provide cooling liquid 


passage ways therein. 


2,809,269— MacuINE FOR WELDING 
MetaL O-Rincgs—Fred H. Storck, 
Dayton, and William Carson Nuckles 
Springfield, Ohio, assignors to United 
Aircraft Products, Inc., Dayton, Ohio 
a corporation of Ohio. 

The patented machine includes dies wit] 
arcuate grooves therein for receiving the 
spht metal O-ring therein. Jaws ar 
provided to grip the ring when on the dies 
and apply pressure thereto. Other means 
are provided to apply heat to the split 
portion for welding action, 


2,809,270— MacuINE FOR WELDING REIN 
FORCEMENTS FOR CONCRETE PIPES AN 
THE LIKE Kenneth E. James and Al] 
fred Dahlstrum, Baldwin Park, Calif 
assignors to United Concrete Pipe Corp 
Baldwin Park, Calif., a& corporation o 
California. 

This patent is on a machine for welding 
longitudinal and circumferential wires t 
gether where the longitudinal wires are o1 
the outside of the circumferential wires 
\ first welding electrode is provided 
traverse crossings between longitudin 
wires and circumferential wires succes 
sively in a direction parallel to the long 
tudinal wires, and a second electrode 
arranged to traverse-circumferential wir 
in trailing relationship to the first el 
trode and in a direction parallel to tl 
longitudinal wires. Thus the path of cu 
rent flow of at least part of the wire stru 
ture will be through a crossing previous 
traversed by the first electrode to anne 
the weld formed at such wire crossing 


WeLpING A 
PARATUS—Amos L. Quinlan, La Grang 
Park, Ill., assignor to Western Elect: 
Co., Ine., New York, N. ¥ 
tion of New York. 

In this percussion welding apparatus, 
electrode supports an element and_ is 
moved towards a part-supporting means 
for percussive engagement between tl 
element and the part and for welding th 
element and the part together. An inert 
member is mounted on the electrode to 
move therewith and has limited movement 
in the same direction relative to the ek 
trode after the electrode has been stopped 
for preventing rebound of the electrode re!l- 
ative to the part-supporting means until 
the weld between the part and the element 
solidifies. 
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LINCOLN ENGINE DRIVEN 
WELDERS are Weldynamically 


designed with your welding costs in 
mind. As a result they incorporate 
features that make welding faster and 
easier, reduce maintenance and down- 
time, and guarantee a long life of effi- 
cient service under the most grueling 


conditions. Such as: 


@ Powerful Engines that have low RPM 
to reduce wear and maintain original 


horsepower. 


@ Dual Continuous Controls to provide the 
precise arc for any welding condition. 


@ Large Fuel Tanks that contain enough fuel 
to operate a full 14 hour shift. 


@ Engine Idler to reduce fuel consumption 
when not welding. 


@ Pressure Radiators that reduce danger of 
boilout—even at high altitudes. 


@ Rugged Bodies that protect welder from 
damage and abuse. 


Lincoln Engine Driven Welders 


9 out of 10 contractors use Lincoln engine driven are available in 200, 300, 400 and 
600 amp sizes; both gasoline and 


welders because ... “Lincoln welders can be relied oe : 
diesel powered. Write jor litera- 


upon under the most adverse conditions.”’ ture. Specify type of fuel. 


The World’ Largest Manufacturer 
of Are Welding Equipment 


Z 
© 1958 The Lincoln Electric Company ING 0 L N 
THE LINCOLN ELECTRIC COMPANY: DEPT. 1941 - CLEVELAND 17, OHIO 


For more details, circle No. 14 on Reader information Card 
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M & T Marks 50th Year 


Metal & Thermit Corp. this year is 
celebrating its fiftieth anniversary. 

In 1908 a small company called the 
Goldschmidt Detinning Co. was estab- 
lished in Carteret, N. J.. to utilize a 
uropean process for reclaiming tin and 
steel serap from the tin plate scrap pro- 
duced in the making of tin cans. This 
operation was the forerunner of the 
present Metal & Thermit Corp. 

Metal & Thermit has been associated 
with welding from the vear 1904 when 
the Goldschmidt Thermit Co. intro- 
duced the thermit-welding process to 
this country. The sale of thermit-weld- 
ing equipment was supplemented in 
1931 by M & T’s entrance into the elec- 
tric welding field. At present the con- 
cern is actively engaged in electrode. 
machine and ace SSOry supplies. 

Metal & Thermit is also active in 
other industries, such industrial 


chemicals, detinning, electroplating, 
metals, mining and coatings. The 


organization’s expansion is reflected in 
the recent completion of a $3,500,000 


chemical plant in Carrollton, Ky. 
i:xecutive offices are maintained in New 
York City, while the general offices are 
located in Rahway, N. J. The company 
also operates 11 sales offices, 6 plants 
and 2 research laboratories throughout 
the United States. There are 6 sub- 
sidiary and affiliated companies—one of 
which is located in Canada. 

Officers of M & T are H. E. Martin, 
president, Anderson, C. K. Banks, 
C.J. Beasley, H. D. MceLeese and B. W. 
Weber, vice-presidents, kK. L. Kries, 
treasurer, and C. R. Hervey, control- 
ler. 


Resistance-Welding Contest 


Authors’ application forms for the 
RWMA Prize Paper Contest, sponsored 
by the Resistance Welder Manufac- 
turer’s Assn., 1900 Arch St., Philadel- 
phia 3, Pa., are still available. The 
deadline for mailing application forms is 
July 1, 1958 

The contest itself will close on Sept. 
15, 1958. Prizes will be awarded to the 
three best papers submitted in each of 
the two categories, special projection 
and general resistance-welding classi- 
heations The amounts of the awards 
will be $600, $300 and $100 for first, 
second and third prizes, respectively. 

For vour free copy of the rules and 
forms pertaining to this contest, write 
to the above organization as scon as 
possible, 


Airco Quarterly Report 


Sales and earnings during the first 
quarter of 1958 declined from the levels 
established in the first quarter of 1957, 
John A. Hill, president of Air Redue- 
tion Co., Inc., told the annual meeting 
of stockholders recently. 

First quarter 1958 sales were $43.- 
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254,129, compared with sales of $46,- 
243,507 during the first quarter of 1957, 
a decline of 6.5%. Net income during 
the first quarter of 1958 was $3,370,716, 
compared with first quarter 1957 net in- 
come of $4,333,945, a decline of 22% 


ASTM Meets in Boston 


The 61st Annual Meeting of the 
American Society for Testing Materials 
will be held in Boston from June 22 to 
27. The meetings will take place at the 


Statler and Sheraton-Plaza Hotels. 


Argon Purity Guarantee 


A firm guarantee of 99.995% purity 
for its argon gas has just been announced 
by Linde Co., Division of Union Carbide 
Corp., 420 Lexington Ave., New York 
17, N. Y. The new higher purity gas, 
containing less than 50 parts per million 
of impurities, is Linde’s regular indus- 
trial argon—available for all orders with- 
out any special price or grade category. 

Linde stressed that the high-purity 
guarantee refers to the delivery state of 
the argon, not merely to the manu- 


factured purity, and that the guarantes 
also holds true for all methods of de 
livery. 


Helmet Design Award 


Garland (Jim) Thompson, designer of 
Hobart Bros.’ new line of plastic weld 
ing helmets, was given a citation and 
$50 check which were awarded to Ho- 
bart Bros. Co. by Materials in Desigi 
Engineering Magazine for the best usi 


of material in the design of a new glass 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 


1959 Spring Meeting and Weldir 


Show: 
April 6-10, Sherman Hotel, Chicage 
Ill. 
IWDA 
June 19 and 20, 195s. Annu 


Meeting, Howard House, Gard 
Grove, Calif. 


Midwest Welding Conference 
Jan. 28-29, 1959. Illinois Institute 
of Technology, Chicago. Spon- 
sored by Armour Research Founda- 
tion and AWS Chicago Section. 
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4 fiber reinforced plastic welding helmet. 
# Mir Thompson received the award at an 
F awards’ dinner at the Drake Hotel in 
© Chieago on April 17th. 
Precision Appoints 
Representatives 
Precision Welder & Flexopress Corp., 
Cin innati, Ohio, recently announced 
de. the appointment of three new represen- if 
tutives. In Chicago, Heck & Co Inc., tie 
5717 North Elston Ave., will handle the 
te 
omplete line of Precision resistance a 
elders. In Chicago and Wisconsin, | g 
eorr ick Bldg., 3S. Prospect, Park Ridge, William Kaiser Gordon H. Clayton 
will represent the Precision Flexo- 
"a press line of high-speed stamping pres- the Burdett warehouse in Mansfield, has Before joining Vickers, Mr. Clayton 
esign eS In the Philadelphia area, Howard become the new gt neral manager of the spent 12 vears with Powe! Equipment 
* ue (jordon. 429 Chetwynd, Lancaster Pike. Dayton, Ohio, plant Co.. most recently as head of the Special 
a Rosemont, Pa., will handle both the Jack Harris, a member of the Sales Products Engineering Development Di- 
_— velder and press lines for Precision. Division in Cleveland becomes the new vision. He was in charge of the Engi- 
manager of the Mansfield warehouse, neering and Sales Division of this De- 
Burdett Announces while Robert Kimmerle, of the Cleve- troit operation for five yeat He is a 
. land Sales Department, replaces Jack graduate in electrical engineering trom 
Appointments Harris in Elyria, Lorain and the north- Wayne State Universit 
W. H. Loveman WS, president of the eastern section of Cleveland. F 
Burdett Oxygen ¢ iis of Cleveland, 5 Grand Opening 
Ohio, announced the appointment of the Vickers Names Clayton Forty-seven of the nation’s leading 
following personnel, effective March 1, Gordon H. Clayton has been ap- producers of metals, metal accessories 
1958 pointed general manager, Electric Prod- and welding equipment and supplies 
William Kaiser @WV9, former manager of ucts Division, Vickers Inc. took part in a welding clinic and metals 


FOR ALL HEAT-DEPENDENT / 
OPERATIONS 


Available in 
these Temperatures (F.) 
1233881080 

150 413 1150 
163 425 1200 
oldin 1300 
Sixty-three different compositions enable you to determine 200 4831380 
and control working temperatures from 113° to 2000° F. 
250 525 1550 
° " “ ” 263 550 1600 
TEMPILSTIK® marks on workpiece “say when” by 77360080 
650 1700 
melting at stated temperatures — plus or minus 1%. 300 7001750 

nnuatl 325 1880 
arden ALSO AVAILABLE IN LIQUID AND PELLET FORM . . . WRITE 33885088 
‘“‘WELDING SALES’’ DEPT. FOR SAMPLE TEMPIL® 363-950-2000 


PELLETS . . . STATE TEMPERATURES OF INTEREST—PLEASE! 


titute 4 
Temp il -orporation 132 WEST 22ND STREET, NEW YORK 11,N. Y. 


unda- 


m. For more details, circle No. 15 on Reader Information Card 
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The hull of Dyna, America’s first all-welded aluminum yacht, will be exposed “ sy ~- 

throughout its life to great stresses, a corrosive environment, and constant battering ‘ : 
and vibration. To meet this challenge, Burger Boat Company, of Manitowac, Wis- ‘ NE 
consin, turned to Alcoa Alloy 5154 and the inert-gas consumable electrode welding 7" 
process. 
Welders at Burger Boat Company had formerly worked exclusively with steel NE 
prior to building Dyna, yet they had little difficulty in adapting their skills to alumi- ne 
num. They found that aluminum could be welded at a faster rate than steel, and pm 
with relative freedom from warping and distortion. Further, the light weight of the ‘ 
aluminum sections eased handling problems and speeded assembly. Vir 
[his is another example of the many exciting possibilities in welding, brazing - 
and soldering Alcoa*® Aluminum and its alloys. Get in touch with your nearest & , 6a 
Alcoa sales office for the kind of design and welding assistance that Alcoa was able Vv. Sy | 
to offer Burger Boat Company. For welding materials, contact your local Alcoa ALCOA {) “ALCOA THEATRE” Ne 
distributor listed at the right. For booklets and films that show how easy it is to , Sittin Atenas 

aa weld, braze and solder aluminum, write Aluminum Company of America, 1741-F Alternate Monday Evenings 
. 
: Alcoa Building, Pittsburgh 19, Pennsylvania. Your Guide to the Best in Aluminum Value 4 
For more details, circle No. 16 on Reader Information Card 
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Want technical help in welding, brazing or sol- 
dering aluminum? Contact your 
office, listed under “Aluminum” 
Pages of your phone book. 

delivery of 


Alcoa sales 
in the Yellow 


For immediate Alcoa welding 
products, call your Alcoa outlet listed below. He 
carries a complete range of alloys and sizes. 


ALABAMA Syracuse 
race-Mueller 
een ly Co Huntley, Inc 
ply Whitehead Meta! 
CALIFORNIA Products Co., inc 


Los Angeles 


NORTH CAROLINA 
Ducommun Metals 


& Supply Co Asheville 
Pacific Metals Southern Oxygen Co 
Charlotte 


Company, Ltd. 
San Francisco 

Pacific Metals 

Company, Ltd. 


Southern Oxygen Co 
Greensboro 
Southern Oxygen Co 


Raleigh 
COLORADO Southern Oxygen Co 
Denver OHIO 
Metal Goods Corp 
CONNECTICUT Williams and Co., Inc 
Cleveland 
Milford Nottingham Steel & 


Edgcomb Steel of 

New England, Inc 
Windsor 

Whitehead Metal 

Products Co., Inc 


Aluminum Co 

Williams and Co., Inc 
Columbus 

Williams and Co., inc 


Toledo 

FLORIDA Williams and Co., Inc 
Jacksonville OKLAHOMA 

The J. M. Tull Metal Tulsa 

& Supply Co., Inc Meta! Goods Corp 
Miami 

The J. M. Tull Metal QREGON 

& Supply Co., Inc Portland 


Tampa 
The J. M. Tull Metal 
& Supply Co., Inc 
GEORGIA 
Atlanta 
The J. M. Tull Metal 
& Supply Co., Inc 
Southern Oxygen Co 


Pacific Metal Co 
J. E. Haseltine & Co 


PENNSYLVANIA 
Philadelphia 
Edgcomb Steel Co 
Southern Oxygen Co 
Whitehead Metal 
Products Co., Inc 


ILLINOIS Pittsburgh 

Chicago Williams and Co., Inc 
Machinery & Welder York 
Corp Southern Oxygen Co 
Steel Sales Corp TENNESSEE 

Kingsport 
hinery & Welder Co 

P Knoxville 
KENTUCKY Southern Oxygen Co 


Louisville 
Williams andCo., Inc 


LOUISIANA 


New Orleans 
Metal Goods Corp 


MARYLAND 
Baltimore 
Southern Oxygen Co 
Whitehead Metal 
Products Co., Inc 
Bladensburg 
Southern Oxygen Co 
Salisbury 
Southern Oxygen Co. 
MASSACHUSETTS 
Cambridge 
Whitehead Metal 
Products Co., Inc 


TEXAS 
Beaumont 
Big Three 
Welding Equip. Co 
Corpus Christi 
Big Three 
Welding Equip. Co. 
Dallas 
Metal Goods Corp 
Texas Welding 
Supply Co 
Houston 
Metal Goods Corp 
Big Three 
Welding Equip. Co 
San Antonio 
Big Three 
Welding Equip. Co 


UTAH 
Salt Lake City 


MICHIGAN Pacific Metals 

Detroit Company, Ltd 
Steel Sales Corp VIRGINIA 

MISSOURI Arlington 


Southern Oxygen Co 
Charlottesville 
Southern Oxygen Co 


Kansas City 
Meta! Goods Corp 
St. Louis 


Lynchburg 
Metal Goods Corp Southern Oxygen Co 
NEW HAMPSHIRE Norfolk 
Nashua Southern Oxygen Cc 
Richmond 
Stee! of Southern Oxygen Co 
gland, Inc. Roanoke 
NEW JERSEY Southern Oxygen Co 
Harrison WASHINGTON 
Whitehead Metal Seattle 


Products Co., Inc. Pacific Metal Co 


Merchantville J. E. Haseltine & Co 
Southern Oxygen Co Spokane 


Vineland J. E. Haseltine & Co 
Southern Oxygen Co 
WEST VIRGINIA 
Bluefield 
uffalo Soutt 
Whitehead Metal 
Products Co., Inc. WISCONSIN 
Milwaukee 
outhern Oxygen Co. Machinery & Weld 
Whitehead Metal Corp 


Products Co., Inc. Steel Sales Corp. 
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show in Birmingham on May 13-15, 


J. M. T Metal and Supply 


when the 


Co., Inc., opened its new Birmingham 
warehouse 
Many exhibits of materials and de- 


vi lopme nts in the metals field were fea- 
tured during the three-day 
| held 


welding clinic, 
it, consisted of ce 


show. The 
in conjunction with 
monstrations of the 
latest techniques, we 


lding processes and 


equipment, including demonstrations 
with nickel welding wires. 

Located at 1301 25th Avenue North 
the 50,000 sq ft warehouse has been de- 
signed to accommodate a complete line 
sories and to facili- 
handling of 


Harry Homer, who has repre- 


of metals and aece 
tate prompt and efficient 


orders 


sented the J. M. Tull Co. for many 
vears in the Alabama territory, will be 
manager of the warehouss 
Mallory-Sharon Expands 
Mallory-Sharon Metals Corp., Niles 
Ohio, world’s largest integrated pro- 


ducer of reactive metals, has acquired 
Johnston & 
Wooster, Ohio 
Mal- 


Funk will 


the common stock of 
Funk Titanium Corp 

Through the combined 
lorv-Sharen and Johnston & 
be better able to service 


facilities 


requirements 
for wire products 

Kdward R 
ston «& 


faculty of 


Funk, president of John- 
Funk, was formerly the 
Massachusetts Institute of 
holds a doctorate de- 
gree from that university 


Te hnology and 


Adopt New Name 


According to an official announce- 
if ilif have 


name to Shober, Ine. for 


ment, Shobe r Sales, In 
Ave : Stockton. 
their 


venience and to make 


changed 
con- 
their name reflect 


usiness is primarily 


the fact that their | 


manufacturing and wholesaling. 


Meco Names Officers 
\Ioder 


Mo., has announced its new 


Engineering Co., St. Louis 


executive 


assignments as follows: I. F. Fausek, 
chairman of the board: I. F. Fausek, Jr. 
WS, president; Willis L. Reedy, vice 


president, production; Al V. Fausek 
[AWS vice-president, James F. 
Fausek, vice-president, industrial sales; 
and Robert E. Bird, secretary. 


Saies; 


Abrasive Show 


Fifty-three manufacturers of coated 


machine tools will demon- 
strate their new products in the Third 


National Coated Abrasives Machinery 


abrasiv 


News of the Industry 


ATTEND 
AWS 40th ANNUAL MEETING 


April 6-10, 1959 
Chicago, Ill. 


Show June 10-13 at Trov, N. Y. This 
vear’s show will take place in the new 
$1,000,000 product engineering building 
of Behr-Manning Co i division of 
Norton Co., which sponsors the event. 
Linde Expands Nitrogen 
Facilities 

New nitrogen sup) facilities have 
been put into operat in Houston, 
Texas and Tulsa, Oklahoma by Linde 
Co D vision of Union Carbide Corp 
The new units are known as VST in- 
stallations and be used to store large 


quid nitroge! Added to 
center at 


ire said to pro- 


Linde’s nitrogen producing 


bution facilities 


that now makes nitrogen readily avail- 


ible to consumers of all sizes in the Gulf 
Coast 

The installation at Houston has a 
capacity of more than | million cubic 
feet of nitrogen wl the capacity of the 
new Tulsa installation is slightly less 
than 1 illion cubic feet. Both units 
will be filled by railroad tank cars from 
Linde’s nitrogen producing plant in 


Houston, 


ENGELHARD INDUSTRIES 
ENLARGES SCOPE 


Flanked by Charles W. Engelhard (left) 
board chairman, and Gordon W. Rich- 
dale, president, Ben Graver presides 
at a recent show at New York's Wal- 
dorf-Astoria marking the formation of 
Englehard Industries, Inc., the largest 
fabricator of precious metals in the 


world. The show was followed by 
a 5300-sq ft exhibition of the com- 
pany’s products. With gross annual 
sales exceeding $200 million, the new 
firm is among the 200 largest industrial 
companies in the United States. The 
American Platinum Works, Newark, 
N. J., was among the firms incorpo- 
rated 


| 
| 
| 
ax 
| 
| 
| 
| 
| 
q 
| 
R 
: 
al 
gs 
| 
| ist 
1 
| 
( 
is 
Z 
4 
= 
4 
| 
4 
i 
3 


PLAST-IRON 


GRADE B-171 


POWDER 


STEEL, 
HYDROGEN AND 
-HARD-FACING 


HIGHER DEPOSITION RATE 
FASTER OPERATION 


3 
JOHNSTOWN, PA. 
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NCG Appoints Camden Dealer | 


Antrim Welding Supply Co., 1514 
Federal St., Camden, N. J., has been 
appointed an NCG industrial gas dealer 
and Rego flame-cutting and welding 
equipment franchise distributor by the 
NCG Division of the Chemetron Corp- 
oration, Chicago. 

Establishment of the new supply com- 
pany as a subsidiary is a diversification 
move by Antrim Hardware Co., Cam- 
den mill supply firm. 


Handy & Harman Elects 
Townsend 


M. W. Townsend has been elected 
vice president for administration and 
finance of Handy & Harman at a meet- 
ing of the board of directors on April 
17th. 

Mr. Townsend joined Handy & Har- 
man in 1946, becoming, in turn, assist- 
ant to the vice president in charge of 
sales, and sales manager. He was ap- 
pointed assistant to the president in 
1953. Two vears later he became a di- 
rector of the company. A Phi Beta 
Kappa graduate of Wesleyan Uni- 
versity, he received a B.A. degree in 
1934. 


Near Record Sales for M & T 


Consolidated net sales of Metal & 
Thermit Corp. for the year ended Dec. 
31, 1957, held at near-record levels of 
$42,200,580, compared with the all-time 
record of $42,222,677 established in 
1956, H. E. Martin, president, told 
shareholders in the Annual Report. re- 
cently. 

The level of gross profit margins was 
generally maintained in most lines. 


Just You TRY 


to Break a 


TIP CLEANER 


The exclusive, non-breakable advantege 
THERMO TIP cleaners didn't just happen—N 
Sir This feature resulted after 10 years re 
search, and experience That's why we say nc 
other type or make can match a THERMO, and 
the best way to prove that statemerit is to send 
for a FREE THERMO Spiral Tip Cleaner and put 
it to every test—es to its cleaning efficiency and 
long lasting performances Yes ust TRY 
break it—then you'll know why 

All progressive Welding Supply dealers 

Recommend THERMO TIP CLEANERS 


E RIMACOTE 


108S Delacey Ave. 
PASADENA, CALIFORNIA 


Circle No. 18 on Reader information Card 


Consolidated net income for 1957 
amounted to $1,461,351, equal, aft 
preferred dividends, to $1.82 per share o1 
the 792,550 shares of common stock out 
standing at Dec. 31, 1957. 


BURDETT OXYGEN CELEBRATES 35th ANNIVERSARY 


William H. Loveman, president of the Burdett Oxygen Co. of Cleveland, Ohio, 
cuts the first slice of a 63-lb, cylinder-shaped cake to celebrate the firm's 35th 
anniversary. Looking on (left to right) are Dorothy Bader, Jack Oberst, Norman 
Carl, J. F. Wagner, Harold Scherl, Eugene J. Morse, Morris Richman, Rose Gallagher 


and S. Michael Loveman 
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How you cut costs 
with the new 


E-TURN LIGHT W 
APER FACE FLAN 


The new TUBE-TURN* 125 lb. light weight, forged steel, 
taper face welding neck flanges (patent pending) can 
cut costs three ways: 

1. You eliminate the hazard of breaking cast iron and 
semi-steel valves, fittings and equipment such as 
pumps and compressors, caused by overstressing 
the bolts to get a tight seal when regular ASA 
steel flanges are used 


You avoid the necessity of using more expensive 
250 lb. valves with 300 lb. companion flanges 


. The new flanges cost less, weigh less and take less 
storage space than the 150 lb. flanges they replace 
Maximum service pressures are the same as for 

Class 125 cast iron flanges in ASA B16.1, namely 
125 psi (gage) saturated steam; 175 psi (gage) liquid 

and gas (WOG) at 150°F. 

Here is another example of the cost-saving advantages 
you realize when you specify TUBE-TURN products and 
buy them from your nearby Tube Turns’ Distributor. 


TUBE TURNS 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY 


The trademarks “TUBE-TURN” and “tt” are applicable 
only to the quality products of Tube Turns. 


i> 


without 
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damage 


@ 


TUBE-TURN” and 
Reg. U.S. Pat. Of 


For more details, 
turn the page 


\ 
if? 
| 
lege 
say nc 
O, and 4 
TRY ¢ a 
ae 
\ 
| 
Ss) ag “A 
FG 
\ 
——— : 
\ 
\ 
\ 


How TUBE-TURN 


Taper Face Flanges give youa 


without overstressing 


TUBE-TURN taper face forged steel welding neck flanges conform 
to the 150 lb. American Standard with respect to flange diameter 
and drilling, but both the flange ring and tapered hub are thinned 
to make them compatible in strength and stiffness to Class 125 
American Standard cast iron flanges with which they are mated. 

In addition, the flange face has a 144° convex taper which 
concentrates gasket contact pressure near the bore, reducing the 
required sealing force. As the bolts are tightened—but long before 
the bolt moment becomes excessive—the flexible steel flange is 
deflected toward the cast iron flange to the extent that contact is 
established over the entire gasket face 

Thus, these features combine two important advantages: (1) A 
lower sealing force associated with minimum width ring gaskets, 
located at the bore; and (2) assurance against over-tightening 
which is characteristic of full face gaskets. 


**TUBE-TURN" and Reg. U.S. Pat. Off. 


- 


Using TUBE-TURN Taper Face 


Flange on gas distribution line. Type and pressure vessel flanges. 


New flange matching chart simpii- 
4g mt. Enables quick selection of correct 
-TUBE-TURN flonges for use with semi-steel lubricated plug volves. — 


fies stocking and pr 


TUBE TURNS 


224 East Broadway, Lovisville 1, Kentucky 


Please send free Flange Matching Chart. 
Company Name 
Company Address 
Your Name = 
Position 
State 


City Zone 


TUBE-TURN large diameter ASA 


Slip-on Flanges 


Reducing Flanges 


There is a complete line of TUBE-TURN Flanges. 


Your nearby Tube Turns’ Distributor provides 
a complete line of TUBE-TURN Flanges. This 
one source forall your needs in welding fittings 
and flanges (more than 12,000 items) enables 
you to put all your requirements on one order 
...to cut red tape and save purchasing time. : 


TUBE TURNS 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY 


DISTRICT OFFICES: New York * Philadelphia * Pittsburgh * 
Chicago * Detroit * Atlanta * New Orleans * Houston * 
Midland * Dallas * Tulsa * Kansas City * Denver * Los Angeles 
* San Francisco * Seattle. (N CANADA: Tube Turns of Canada 
Ltd., Ridgetown, Ontario * Toronto, Ontario * Edmonton 
Alberto * Montreal, Quebez * Vancouver, British Columbia 
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INTERNATIONAL 
WELDING NEWS 


By Dr. Gerard E. Claussen 


Austrians Honor Rosenberg 

The Austrian Welding Society! cele- 
brated the 85th birthday of Dr. Eman- 
uel Rosenberg on Nov. 28, 1957. Dr. 
Rosenberg invented the cross-field weld- 
ing generator in 1904. The Elin-Ro- 
senberg cross-field generator, with minor 
changes, is in use throughout the world 
today. Besides his interest in welding 
nachines he promoted the application 
of are welding to steel structures. In 
1928, at an Elin factory in Weiz, Dr. 
Rosenberg was responsible for the first 
velded railroad bridge in Europe. The 
pan of the plate girder bridge was 30 ft 
ind it weighed 9 tons. The bridge was 
lesigned for riveting, for which welding 
vas substituted. Dr. 
rmer director of Elin, is living in re- 
tirement in Bogota, Colombia. 


Rosenberg, a 


Russian Exposition 
\ great deal of welding equipment was 
xhibited at the Russian Manufacturers 
xposition? in 1957. Among a large 
imber of products on exhibit were: 
manual and automatic equipment for 
iid pressure welding, (2) an ultrasonic 
ldering outfit operating at 18 to 22 
locycles on the magnetostriction prin- 
ple; (3) a submerged-are flux for d-c 
| a-c welding of mild steel in the field 
he flux contains 54% manganese ore, 


> fluorspar, 30% quartz sand, 7% 


rrosilicon and 2% aluminum powder; 

weld metal has good impact proper- 
s down to —30° F); (4) a universal 
chine for electro-slag welding of steel 
m 18 to 63 in. thick at a maximum 
rrent of 1000 amp, (5) a flux consist- 
ry of fluorides and chlorides of alkalis 
1 alkaline earths for submerged-are 
ding of titanium, and (6) a CO, weld- 
r apparatus for depositing up to 15 |b 
steel per hour. 


rgentine Welding Magazine 
The magazine Sol-Oerlikon has com- 
ted its first year of publication. It 
lited in Mendoza in Western Argen- 
1 by five industrial firms. The last 
ie describes a welded 2800-ton float- 

irydock and has instructional arti- 
s on welding distortion and continu- 
welded rails. 


Swiss Standard on 

Resistance Welding 
The Swiss Society of Machinery Man- 
icturers (VSM)* issued a tentative 


Dr. Gerard E. Claussen is associated with the 
nde Co., Newark, N. J 


standard, ‘“‘Directives for the Design of 
Spot Welds in Aluminum and Its Al- 
loys.’’ The standard prescribes minima 
for spot diameter (27 + 3 mm), spot 
spacing (677 + 15 mm) and edge dis- 
, where 7’ = sheet 
Sketches of 
recommended shop practice are given as 
well as tables of recommended spot sizes 
and spacing with expected strength for 
aluminum and three alloys (Al-Mn, AI- 
Mg and Al-Zn-Mg-Cu). A Russian 
paper provides tables for computing the 
temperature distribution in bars of mild 
and stainless steels '/, to 1/, in. diam 
during resistance butt welding. The 
method of calculation takes into account 
changes in conductivity with tempera- 


tance (37 + 7.5 mm 
thickness in millimeters. 


ture, and the calculated results agree 
with actual measurements 


Brittle Fracture in Germany 

The new standard specification for 
structural steel in (DIN 
17100) divides steels of the same 
strength into classes based on notch im- 
pact test results. To assist designers 
in selecting the proper class of steel the 
German Structural Steel Committee® 
issued tentative recommendations based 
numbers 
were assigned to every material, the 


Germany 


on extensive tests. Quality 


four quality groups being: 


Group | Z 1 to 14 
Group 2 Z 15 to 21 
Group 3 Z 22 to 26 
Special steel] Z 27 and over 


The higher the quality of the steel, th 
higher is the quality number Z. The 
quality numbers are derived by the de- 
signer from a consideration of seven fac- 
tors: 
1. Effect of longitudinal shrinkage 
stresses, 
B. Static load stress 
C. Sensitivity to fabrication. 
D. Thickness. 
; Cold work 
F. Low temperatures. 
G. Consequenc es of accidents. 


One point is added to Z for every 5° C 
decrease in notch impact transition tem- 
perature. For every 5 mm increase in 
thickness which does not raise the trans- 
ition temperature, an additional point 
is added. Numerical values have not 
been suggested for the less tangible of 
the seven factors, for example, G. 

A brittle fracture that occurred in the 
web of a 20-in. I-beam 30 years old start- 
ing at 50° F from a flame cut made dur- 


+ For more detoils, circle No. 19 on Reader Information Card 


ing demolition was examined by Felix 
and Geige! The steel contained 0.09 
C, 0.52 Mn, 0.093 8, 0.058 P, 0.01 Si, 
0.016 N. and had transition tempera- 
tures of 77, 104 and 158° F, 
tively, in the Swiss notch text, Charpy V 
test and sharp notch tests. Micro- 
showed higher 
values for grains that heat tinted dark 
than for grains that heat tinted light. 
The response to heat tinting was re- 
lated to the grain ori 
supported the 


respec- 


hardness me surements 


ntation, which 
hypothesis that deforma- 
tion of ferrite crystals in brittle fracture 


dep nds on their orientation. 


Brazing Discussed in Hanover 

A thesis presented to the Hanover 
Technical College by Colbus’ discusses 
results of temperature measurements 


made just below the surface of beads de- 


posited on steel, stainless steel, cast 
iron, copper, brass and aluminum. The 
beads were deposited with an oxyace- 
tvlene flame from a rod of the same com- 
position as the plate It was found that 
the rod must be molten in order to 
achieve a bond with the plate. The 
temperature of the plate required to 


achieve a bond with the molten rod de- 


pended on thermal conductivity. The 


requisite plate temperature varied from 
76% of the rod temperature for stain- 
less steel, which has low ductivity, to 
nearly the same as thi xl temperature 
for copper. The results are said to show 


that joining of metals of low conduc- 


tivity 1s possi! le it eratures well 
below their melting ising molten 
drops rom & rod ot the same composi- 


tion 


Low-Hydrogen Electrodes 
in Austria 

A thorough review of practical weld- 
\ droge elec- 
Schmidt.* 
tance of avoid- 
to air in 
any manipulation of the electrode and 
states that the higher the percentage of 


coating, the 


ing procedures with low-! 
trodes in Austria is given by 
He emphasizes the impor 
f the are 


ing undue 


exposure 


alloying elements in the 


more difficult it is to assure uniform com- 
leposit. In repairing a 
cracked cast-steel press frame 10 in. 
thick, he placed a '/.-in. copper bar at 
the root to prevent propagation of the 
unchipped root portion of the crack. 


position of 


The copper bar functioned in the same 
way as holes drilled at the end of the 
crack to prevent spread 

A Russian writer® found that the de- 


639 


i 
x 
f 
4 
3 
Ss 
s 
S 
Ss 
) 
jh 
eles 
iton 
bia 


gree of oxidation of a low-hydrogen 
electrode coating is increased by cal- 
clum carbonate and was decreased by 
calcium fluoride and by substitution of 
nonoxidizing oxides for caletum carbon- 
ate. An increase in the ratio of CaO to 
SiO, increased the recovery of manga- 
nese but decreased the recovery of sili- 


con, 


Arc Welding Behind the Curtain 


A study" of are pressure in inert-gas 
and submerged-are welding of steel 
showed that are force, apart from the 
electromagnetic component due to the 
geometry of the measuring apparatus, 
Was proportional to welding current. 
The force was 30° greater at the same 
current for submerged-are welding than 
for consumable-electrode welding in 
argon, the deposition rate being less for 
the latter process. Tungsten-electrode 
welding produced 25% less force than 
consumable-electrode welding in argon. 
Typical values of the force in milligrams 
at 120 amp were 650 for electromagnetic 
effect alone, 
welding, 1100 for consumable-electrode 
g in argon and 1500 for sub- 
merged-are welding. Lengthening the 
irc reduced the are force for consum- 


SSO for tungsten-electrode 


weldin 


tble-eleetrode welding in argon. 

The rate of transfer of globules of 
icross the are with covered elee- 
a Russian lab- 
oratory Certain 
electrodes showed infrequent short cir- 


metal 
trode was measured by 


using oscillograms 


uits, 3 to 5 per second, whereas others 
One of 
the electrodes used in this study was the 
Fleetweld 5. Charts for 
deriving time-temperature relations for 
heating and cooling of steel plates 0.16 
to 0.32 in. thick in open-are welding at 
110-240 amp are given by Havalda," of 
the Czech Academy of Science. The 
charts are based on thermocouple sur- 
veys and are useful, in conjunction with 
TTT diagrams 

tent of hardening of high-tensile steels 


during welding 


showed 20 shorts per second. 


well-known 


in estimating the ex- 


VELDING 


ENGINEERS 


MILWAUKEE 


Heat-Resistant Steels 

Weigand'* shows that the necessity 
for using a small amount of ferrite in 
weld metal for austenitic heat-resisting 
steels of the 16% Cr-—13 to 20% Ni 
type to avoid cracking entails a loss of 
toughness after 1000 hr at 1000 to 1300° 
F. Aside from avoidance of sulfur, 
phosphorus and silicon, he has no solu- 
tion except careful welding procedure. 
The CO, welding of steels up to 1%/j¢ in. 
thick, containing 0.04 C, 0.60 Si, 0.90 
Mn, 1.30 Cr, 0.4-0.9 V, 0.8-1.0 Mo, 
0.04-0.45 Al, is described by Russian 
writers.'4 The electrode contained 0.10 
C, 0.7-0.9 Si, 1.0-1.3 Mn, 0.95-1.25 
Cr, 0.3-0.4 V, 0.5-0.7 Mo, 0.025 8 
max, 0.03 P max, 0.25 Ni max. Inter- 
pass temperature was not less than 610° 
F, and joints were stress relieved 7 hr at 
1270-1310° F. The creep strength of 
weld metal was equal to base metal, 
being 22,000 psi for 100,000 hr at 1000° 
F. Welding conditions were 300-320 
amp, 42 cfh CO... Compared with man- 
ual covered electrodes the cost per pound 
of deposited metal with CO, was reduced 
by a factor of 1.5 to 1.7. 

Welding conditions for transformer 
steels (0.7, 2.3 and 4.3% Si) 0.014 and 
0.020 in. thick were worked out by Ruge 
and Rauchfuss'® using a tungsten elec- 
trode inclined 25 deg forward, argon 
shielding and backing gas and grooved 
copper backing. The welding speed 
had to be controlled exactly to secure 
sound welds. Welds annealed at 1700 
F had nearly as good magnetic and me- 
chanical properties as those specified for 
unwelded steel. 

Hundreds of thousands of tons of 
welded plate girders'* up to 6 ft high are 
used in Russia every year. Since it is 
cheaper to weld I-beams of this size 
rather than roll them, a production 
line was set up. The web-flange weld 
was the bottleneck in the line. Three- 
electrode submerged-arc welding 
duced the production time to the extent 
that a 39-ft girder was produced every 
12 min. Two shifts produced 20,500 


MFG. 


For more details, circle No. 20 on Reader Information Card j 
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News of the Industry 


The welding speed 


girders in a year. 
in three-electrode welding was 33 to 102 
ipm, the width of weld at the highest 
speed being about */, in. 


Hard-Surfacing Materials 

A book from Argentina on combating 
wear by are welding* discusses 14% 
manganese steel, in particular, but also 
deals with other hard-surfacing ma- 
terials. The author leans heavily on the 
literature but, at the same time, presents 
the results of extensive micrographic, 
tensile and wear tests. In general, the 
test results confirm previous literature. 


Book Reviews 

Three titlest have been added re- 
cently to the list of 12 books on welding 
topics published by the German Weld- 
ing Publications Co. in collaboration 
with the Vieweg firm that publishes the 
German Welding Society’s magazine. 
Volume 6 is a small leaflet on the design 
of welded eyebars for vehicles moving 
at a speed of over 12'/, miles per hour. 
The materials suitable for eyebars are 
described, and the method of calculat- 
ing allowable stresses in welds is out- 
lined. Volume 7 is a collection of pa- 
pers read at the Hanover Welding Con- 
vention in 1956. The papers discuss 
welding in Russia, hard surfacing, 
welded machine tools, flame hardening, 
welding of tools and repair welding. 
Volume 8 is a small textbook on ferrous 
welding metallurgy. The six chapters 
deal with the iron-carbon diagram, mild 
steels, low-alloy steels, heat- and corro- 
sion-resistant steels and cast iron 


Refe rence 


1 Schweisstechnik Vienna 41, 153-157 
1957). 

2. Svarachnoe Proizvodatro, No, 12, 38-44 
1957) 

3. Zeitachrift far Schweisstechnik (Swiss) 48 


2-10, 46-51 (1958 

4. Rikalin, N. N., and Pugin, A. L, Sra 
Proiz., No. 1, 1-6 (1958 

5. Rahl, K., Schweissen und Scheiden, 10, 39 
$4 (1958) 

6. Felix, W., and Geiger, T., Sc 
(Vienna) 11, 158-162 (1957 

7. Colbus, J., Schweissen 
50-54 (1958); Z 
(Swiss), 48, 10-15, 36-4 

8. Schmidt, A., Schweisstechnik (Vienna) 11 
143-150 (1957). 

9. Erokin, A. A., Svar. Proiz., No. 12, 5 
(1957). 

10. Shiganov, N. V.. and Raymond, E. D 
thid., No. 12, 13-17 (1957 

il. Mazel, A. G., Rogova, | M und Ma 
chenko, U. L., ibid., No. 12, 9-12 (1957 

12. Havalda, A., Schweisstechnik (Berlin), 8 
15-18 (1958) 

13. Weigand, H. H., Schieissen und Schnei 
den, 10, 44-49 (1958 

14 Suslov, V. N.. and Klepekov, 8. L., Sva 
Proiz., No. 1, 22-25 (1958 

15. Ruge, J., and Rauchfuss, W 
und Schneiden, 10, 55-58 (1958 

16 Kasimirow., A., Schweisstechnik (Berlin), 8 
10-14 (1958 


Schweisse 


* Vilhalm, V., Publication 49 of the Nationa 
University of La Plata, Argentina, 67 pp. (De 
cember 1956) 

¢ Volume 6, Hinweise fir Das Schweiasen vo 


Anhdnger-Zuggabeln, 14 pp., 8 illustrations, 1.2¢ 
German marks (1957 
Volume 7. Vortrdge der Grossen Sch sat 


nischen Tagung, Hannover 1956, 68 pp., 186 illus 
trations and tables, 6 marks (1956 

Volume 8, Aletne Werkstofkunde fi da 
Schwreiasen von Stahl und Biaen, by H. Lueb, 961 
52 illustrations, 9.80 marks (1957 

The publisher of these three volumes is De 
scher Verlag fir Schweisstechnik, GMBH, Fried 
Vieweg & Sohn, Burgplatz 1, Braunschweig, West 
Germany. 
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Weld cast iron 
quickly, easily, permanently. ..with 


IMPROVED 


A great favorite made better . . . Now the improved Nickel-Are elec- 
trode provides the ideal for welding cast iron. An improved coating formula- 
tion coupled with the same popular core wire is the answer. 

Better machinability . . . Always a popular feature with the Nickel-Are 
electrode, machinability has been made even better. Both weld metal and fu- 
sion zone are well within the machinable range. 

Crack free welds... Not only single pass ove rlays or repairs—even mul- 
tiple pass fillets and butt welds, and in complex assemblies too, Nickel-Are 
welds are crack free. 

Easier to use ... The stable arc of improved Nickel-Arc deposits beads 
smoothly, easily, into strong, porosity free welds of excellent color match. 
Works well in all positions on AC or reverse polarity DC. 

Get the facts... on improved Nickel-Arc electrodes. Your Distributor or 
Alloy Rods Representative has complete technical data or write for a copy of 
Bulletin AR-2. Alloy Rods Company, P. O. Box 1828, York 3, Penna. 


Alloy R od: S$ Company 


YORK, PENNSYLVANIA e¢ EL SEGUNDO, CALIFORNIA 


NO FINER ELECTRODES MADE... ANY WHERE 


For more details, circle No. 21 on Reader Information Card 
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Ronay Named by Gulton 


Appointment of Bela M. Ronay 
AWS, as a consultant in welding tech- 
nology to Gulton Industries, Ine., 
Metuchen, N. J., was announced re- 
cently by Leslie K. Gulton,  presi- 
dent. 

Mr. Ronay’s services will be concen- 
trated chiefly about the welding re- 
search activities of the company’s Ad- 
vanced Development and Systems De- 
partment. 

Born and educated in Hungary, Mr. 
Ronay has been a consultant in welding 
with specific emphasis on design and 
fabrication of atomic reactors and asso- 
ciated equipment since 1956.  Previ- 
ously, he was superintendent of the U. 
Ss. Naval Engineering Experiment Sta- 
tion, Annapolis, Md., for 25 years. 

Mr. Ronay holds over 20 patents in 
his specialty and is the recipient of the 
Distinguished Meritorious Award from 
AWS for his outstanding work for the 


past 35 years. 


Wilson Joins Graver Tank 


The appointment of E. J. Wilson, Jr. 
AWS, as chief welding research engi- 
neer has been announced by Graver 
Tank & Mfg. Co., Inc., East Chicago, 
Ind. In this capacity he will report to 
A. R. Mever, director of welding re- 
search, 

Mr. Wilson is a graduate of the Uni- 
versity of Notre Dame and has been as- 
sociated with the Oak Ridge National 
Laboratory and Westinghouse’s Head- 
quarters Metals Joining Laboratory. 
He is also a member of the American 
Society of Metals and the American 
Nuclear Soci ty. 


Mabb Named Chief Engineer 


Chapman Valve Manufacturing Co., 
Indian Orchard, Mass., has appointed 
William 8. Mabb @9, to the post of chief 
engineer. A graduate in mechanical en- 
gineering from Rensselaer Polytechnic 
Institute, Mr. Mabb has been associated 
with Chapman Valve since 1937. Dur- 
ing 1956-57 he served as secretary of the 
Western Massachusetts Section of the 
AMERICAN WELDING SOCIETY. 


Franz Promoted 


Raymond J. Franz @§, has been 
promoted to the position of chief weld- 
ing engineer of shops at the plant of 
Graver Tank & Mfg. Co., Inc., in East 
Chicago, Ind. 
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Lell Promoted by Wall 
Colmonoy 


Appointment of Elmer J. Lell @W3, as 
vice president in charge of Colmonoy 
Division operations is announced by 
W. P. Clark, president of Wall Col- 
monoy Corp., Detroit. 

Mr. Lell joined Wall Colmonoy in 
1948 as midwest sales engineer. He was 


Elmer J. Lell 


named branch manager of the com- 
pany’s Houston, Tex. office in 1950. 
He returned to the Detroit office in 1951 
and served successively with the Col- 
monoy Division as service manager, as- 
sistant sales manager, sales manager and 
vice president—sales prior to his new ap- 
pointment. 

Mr. Lell studied mechanical engi- 
neering at UCLA. 


Downs Appointed Zone 
Manager 


Fred 8S. Downs @S, has been ap- 
pointed zone manager, Railroad Sales, 
astern Region, Air Reduction Sales 
Co., succeeding C. B. Armstrong who 


Fred S. Downs 


retired after 37 years of service. 

Mr. Downs joined Airco in 1935 serv- 
ing in such capacities as salesman and 
railroad sales representative in the Bos- 
ton and New York City-New Jersey 
areas, 


Lester Appointed Welding 
Engineer 


Appointment of William J. Lester 
AWS, as welding engineer for Alloy Fab- 
ricators, Inc., El Monte, Calif., is an- 
nounced by Hugo W. Hiemke 9, pres- 
ident. 

For the past five years, Mr. Lester was 
with C. F. Braun & Co. as research en- 
gineer and as manufacturing division 


William J. Lester 


welding engineer. Prior to that he held 
responsible positions in metallurgical 
and sales engineering work in Canadian 
industry. He is a graduate of the Uni- 
versity of Toronto in metallurgical en- 
gineering. 

With Alloy Fabricators he will be 
concerned with the manufacture of heat- 
and corrosion-resistant pipe, heat-treat- 
ing furnaces and fixtures and alloy weld- 
ments. 


New Post for Thompson 


Magnesium Co. of America, East 
Chicago, Ind., has announced the ap- 
pointment of Charles L. Thompson as 
general sales manager of the corpora- 
tion. 

Mr. Thompson has been manager of 
sales for the Aluminum Extrusion and 
Tubing Division of Reynolds Metals 
Co.; general manager of the Buda En- 
gine and Equipment Co.; and genera! 
sales manager of Material Handling 
Equipment, Allis-Chalmers Manufac- 
turing Co. 
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Cruse Made Sales Manager 


Appointment of F. R. Cruse MWS, as 
sales manager for the Stainless Process- 
ing Division of Wall Colmonoy Corp., 
Detroit, is announced by R. L. Peaslee 
ws, vice president in charge of the di- 
vision. 


Mr. Cruse, a mechanical engineering 
vraduate of Indiana University, joined 

ill Colmonoy Corp. in 1952 as a sales 
ngineer for the Stainless Processing 
Jivision. In 1956 he became assistant 
position he held until 
is new appointment. 


iles Manager, a 


Pannier Appointed 


Pannier has been ap- 
jinted consulting engineer for the 
letallizing Co. of Los Angeles, Ine. 

was formerly associated with Ken- 
cott Copper, developing processes to 
oduce titanium metal, and with P. M. 
at Burlington, Vt., doing re- 
irch and development work with ti- 
nium, zirconium, uranium and cer- 
ts 


Georges L. 


acklin Promoted by Miller 


\s part of the expansion program of 
ller Electric Manufacturing Co., Inc., 


Gordon Jacklin 


JUNE 1958 


Appleton, Wise., Gordon Jacklin OWS, 
was selected for the firm’s recently 
created post of assistant to the vice pres- 
ident under C. B. Abel WS, vice pres- 
ident in charge of sales 

Mr. Jacklin began work at Miller in 
July of 1951. From assembly work he 
advanced to the Service and Repair 
Department and later to a job as sales 
correspondent 


Crockett Named by Airco 


J. M. Crockett, assistant to vice 
president—gases of Air Reduction Sales 
Co., has been appointed manager of the 
Birmingham District as of April Ist, it 
was announced by Wallace 
AWS, regional sales manager, Southern 
Region. Mr. Crockett replaces W. 
L. Poole @3, who has been named 


sales consultant for the Birmingham 
District 

Mr. Crockett began his association 
with Air Reduction in 1945 as an as- 
sistant metallurgical engineer. He has 
held various management positions in 


the New York office of the company. 


Soyka Joins Eutectic 


Appointment of Fred R. Soyka as 
director of purchases has been an- 
nounced by René D. Wasserman, pres- 
ident of Eutectic Welding Alloys 
Corp., Flushing, N. Y. 

A mechanical engineering graduate of 
the University of Toronto in Canada, 
Mr. Soyka was previously associated 
with Aluminum Co. of Canada, as pur- 
chasing agent of chemical equipment. 


Today there is need of Turning 


Rolls that will give everlasting ol 


continuous service to meet the 
needs of high production and 
precision welding techniques — 
ARONSON fills that need. 


rf Rubber Overload Disc 
Steel Rim 
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Overload Disc The Rod 


@ The OVERLOAD DISCS of 
steel provide maximum trac- 
tion and prevent ever crush- 
ing or wearing out tires. 

@ The ANTI-FRICTION BEAR- 
INGS can carry four times 
the rated load. 

@ TIE-ROD AXLE design forms 
an effective axle as large 
in diameter as the O. D. of 
the steel tire rim 

@ PRECISION STEEL WAYS 
guarantee perfect alignment 
of all wheels to noid work 
exactly true. 


nother Quality 
OSITIONER by 


New Engineering Brochure now available on request. 


ronson MACHINE COMPANY 


ARCADE, NEW YORK 
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Thoma Promoted by Airco 


A. J. Thoma, controller of Air Reduc- 
tion Co., Ine., has been elected vice- 
president and controller. Mr. Thoma 
has been controller of the company since 
1950. 


Strouse and Ellison 
Appointed 
Tom Strouse, formerly district sales 


manager of the Liquid Carbonic Divi- 
sion of General Dynamics Corp., has 


Robert Ellison 


wen appointed general sales manager of 
ndustrial-medical sales in the East 


WELDING ENGINEER 


Career position for graduate engineer with 2-4 
years’ extensive metallurgical and welding back- 
Diversified assignments in research proj- 
ects of welding, formings, and physical properties 
including metallographic studies and diagnosis of 
Must be thoroughly familiar with code 
will be metro- 
politan N. J., with a leading designer/manufacturer 
of steam generating and heat transfer equipment. 
Forward complete resume including salary require- 


ground. 


failures. 


welding requirements. Location 


ment to: 


BOX V-355 


Central Region. Mr. Strouse will man- 
age sales at their locations in Detroit, 
Cleveland, Urbana and Cincinnati with 
offices in Cleveland, Ohio. 

Robert Ellison 3, formerly of O. E. 
Meyer & Sons, Inc. and Metal & Ther- 
mit Corp., will replace Mr. Strouse as 
district sales manager at the Cincinnati 
plant. 


Stewart Joins Distributor 


Lowry L. Stewart became associated 
with Valley Welders Supply Co., 
Albuquerque, N. Mex., on April Ist to 
work general sales and handle sales man- 
agement. 

Mr. Stewart has been in the welding 
supply business 25 years, with 10 of 
these years being spent with Air Reduc- 
tion Sales Co. 


Rasmusen Joins Miller 


Miller Electric Manufacturing Co., 
Inc., Appleton, Wisc., announces the ap- 
pointment of Reidar P. C. Rasmusen as 
electrical engineer. 

An honor graduate in electrical engi- 
neering from North Dakota State Col- 
lege, 1940, Mir. Rasmusen is a member 
of the American Institute of Electrical 
Engineers and has served as chairman 
of the AIEE subcommittee on resistance 
welding instrumentation, vice 
chairman of the AIEE committee on 
electric welding. 


EMPLOYMENT 


SERVICE 
BULLETIN 


Services Available 


A-704. Executive Engineer. Twenty 
vears of diversified experience in financial, 
sales, engineering and production in the 


metal industry; heavy and light fabrica- 
tion. Detailed in all phases of opera- 
tion—punch presses, welding 
assembly, tooling, production control, in- 
spection and plant engineering. 


all phases, 


A-705. Welding Sales Engineer. Age 
34. Married. Veteran. Fifteen years 
welding and sales experience. Are, gas, all 
inert gas applications, submerged arc. 
Familiar with most type machines, appa- 
ratus and welding alloys. 
export sales. Trouble shoot--technical 
customer relations at top level. Also hold 
current welding instructors license N. Y 
State Education Dept. 


Domestic and 


OBITUARY 


Lydia Punnett Wasserman 


Mrs. Lydia Punnett Wasserman, wife 
of René D. Wasserman, president of 
Eutectic Welding Alloys Corp., New 
York, died Saturday, March 15th, as a 
result of injuries received in an auto- 
mobile accident on Long Island. 

Born in Salonika, Greece, in 1929, 
Mrs. Wasserman was educated in France 
and England. Before her marriage to 
Mr. Wasserman, June 11, 1956, she was 
a public relations specialist in England. 

Residents of 60 Sutton Place South, 
New York, the Wassermans celebrated 
the birth of their son, Christopher Hugh, 
on February 7th. 

Mrs. Wasserman was a member of the 
board of directors of Eutectic. 


Erich M. Hofmann 


Erich M. Hofmann, second vice-pres- 
ident of the Cleveland Engineering 
Society and president of E. Hofmann 
Engineering Co., consultants and de- 
signers of special machinery and equip- 
ment, died suddenly at Cleveland Clini 
Hospital October 24th. He was 57. 

Born in Dresden, Germany, Mr. Hof- 
mann came to Cleveland 34 vears ago 
Before he founded his own business he 
was associated with White Motor Co., 


desirable. 


Wanted: 


Travelling District Sales Manager, resident 
of San Francisco area, to sell and service dis- 
tributors and customers in Northern California 
for leading producer of reclamation welding 
products for the repair of equipment subject 


to impact and abrasion. 


Welding experience 


Box V-356 


Personnel 
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Warner Co., General Electric Co. and 
Speedline, Inc. 

Mr. Hofmann was a member of the 
AMERICAN WELDING Society and the 
American Society of Tool Engineers. 


Charles Kandel 


Charles Kandel, founder and _presi- 
dent of the Craftsweld Equipment Corp., 
Long Island City, N. Y., died at his 
home in Jackson Heights on April 21st. 
He was 69. 

Mr. Kandel migrated from Rumania 
to this country in 1900 and received 
1 degree in civil engineering from Co- 
lumbia University in 1911. He entered 
the welding industry in 1917 as a con- 
struction engineer involved in the de- 
sign and supervision of numerous Navy 
ind industrial plants for producing 
oxygen, hydrogen and acetylene. Mr. 
Kandel became founder and _ president 

f Craftsweld Equipment in 1927. The 

firm manufactured welding and cutting 
equipment, diving gear and pioneered 
n underwater cutting and 
quipment. Among the inventions cred- 
ted to him are the Kandel are-oxygen 
torch and the Craftsweld loudspeaker 
iving telephone for multiple divers 

The author of articles published in 


welding 


ew concept in fully automatic welding 


eates savings in labor, tooling and 
t-up costs because. . . 


Electronic Device 
Tracks Weld Seams 
Automatically 


For more details, circle No. 23 on Reader Information Card 
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THe Journat, Mr. Kandel 
was a past chairman of the New York 
Section of the American WELDING 
SOCIETY. 


George Vincent Slottman 


George Vincent Slottman, fifty-four, 
vice president—research and engineer- 
ing of Air Reduction Co., Ine., died on 
April 21st at Memorial Hospital after a 
brief illness. He resided at 1 University 


Place, New York City. 


8101-LWE 


Automatic D.C. welding heads almost 
think for themselves when harnessed 
to a newly developed seam tracing 
device. This extraordinary self-guid- 
ance system makes fully automatic 
welding possible for the first time. 
LADC (Lewis Automatic Directional 
Control) seeks, follows and welds 
accurately on straight, curved or 
irregular seams. Its two-directional 
action maintains constant weld seam 
centerline positioning without oper- 
ator guidance. 


Personnel 


Dr. Slottman was born in New York 
City and graduated with a B.S. degree 
from the Massachusetts Institute of 
Technology in 1925, and with a Ph.D. 
from the University of Berlin in 1927. 

From 1927 to 1930 he was professor of 
Massachu- 

In 1930 
United Steel 
england, as 


chemical engineering at the 
setts Institute of Te 


Dr. Slottman joined the 


Companies Ltd., Sheffield 
chief engineer and = iron 
works manager. He joined Air Reduc- 
tion in 1934 as manager of the tech- 


combustion 


nical sales division, and in 1949 became 
director or 
His appointment as 


research and engineering. 
Vie president was 
made in 1952 


Dr. Slottman, since 1924 directly as- 


sociated with the d ment of oxy- 
gen-cutting processes vas an active 
member of a dozen engineering societies 


including the AMERICAN WELDING So- 
CIETY the American Rocket Society, 


the American Iron and Steel Institute 
and the Industrial Research Institute 
In 1955 | vas presented the James 
Turner Morehead Meda! by the Inter- 
national Acetylene Assn. for his scien- 
tifie contributions ti irbide, acetylene 
and oxygen te hnolog 


2-Directional movement keeps head 
centered on seams. 


= = 


LADC welding random curved seam in 
3, mild steel (submerged arc). 


When used in conjunction with spe- 
cially adapted Lewis head manipu- 
lators, LADC simplifies automatic 
welding operations ... reduces labor 
and errors to minimum. This versa- 
tile control device eliminates special 
tooling and time-consuming set-up or 
alignment. It can be used for down- 
hand butt, groove, lap or fillet welds, 
and is especially effective for inter- 
nal welds in cylindrical fabrications. 


For complete details and prices, write 
today or call BEdford 2-2500. The 
Lewis Welding & Engineering ‘Corp., 
109 Northfield Road, Bedford, Ohio. 
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New Revised AWS Specification on Safety 


in Welding and Cutting 


This is a complete 49-page revision of 
the AWS-ASA Z49 standard wherein 
the entire field is covered in detail. Fire 
Prevention and Protection indicates the 
basic precautions to be taken and also 
the additional precautions necessary 
when the nature of the work is within 
certain categories. Fire statistics indi- 
cate that when these recommendations 
are observed, fires do not occur. 

Protection of personnel is covered ex- 
tensively and includes the precautions 
necessary when using the newer weld- 
ing processes, Eve protection is par- 
ticularly stressed and recommendations 
are made for adequate shielding from 
flying particles and harmful rays. The 
precautions when welding 
with inert gases are fully detailed and 
suggestions are made for the protection 


necessary 


of fellow workers. 

Health protection and _ ventilation 
have been based upon three factors: 
dimensions of working space, number of 
welders and evolution of hazardous con- 
taminating agents. Recommendations 
are given as to the precautions necessary 
to give adequate ventilation and health 
protection to personnel. 

Considerable space is devoted to the 
safe handling of fuel gas and oxygen 
cylinders. Certain provisions are man- 
datory, others are recommended as good 
practice and some, which have been 
tested by a nationally recognized testing 
agency, are regarded as acceptable. 

This standard may be obtained from 
the AmerIcAN WELDING Society, 33 
W. 39th St., New York 18, N. Y., at 
$2.00 per copy. 


Semiautomatic Welder 


Six-page Bulletin 5205.1, released by 
the Lincoln Electric Co., Cleveland 17, 
Ohio, describes the manufacturer’s Model 
ML-3 “mechanized squirt  welder.”’ 
Lincoln reports that the new unit com- 
bines the advantages of automatic sub- 
merged-are welding with the versatility 
of manual are welding. The manufac- 
turer also states that the Lincolnweld 
SA-750 is the only power source recom- 
mended for use with the Model ML-3 
unit. The unit is said to provide faster 
deposition rates, deeper penetration, less 
distortion, improved operating factor 
and scrap reduction. 

For your free copy, circle No. 24 on 
Reader Information Card. 


Flame-Cutting Machines 


A complete line of Oxweld flame-cut- 
ting machines is described in a 28-page 
catalog available from Linde Co.. Di- 
vision of Union Carbide Corp., 420 
Lexington Ave., New York 17, N. Y. 

Also included are complete specifica- 
tions for each machine, illustrations of 
typical installations, and a description 


of machine accessories such as auto- 
matic and magnetic tracing units. 
For your free copy, circle No. 25 


on Reader Information Card. 
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Resistance-Welding 
Applications 


Bulletin No. 341 from Sciaky Bros., 
Inc., 4915 W. 67th St., Chicago, IIL, 
describes certain special applications in 
resistance-welding machinery, including 
multiple-gun spot welding, multiple-gun 
projection welding, mash welding, seam 
welding and cross-wire welding with 
either standard or special welders. 

For vour free copy, circle No. 26 
on Reader Information Card. 


Booklet on Welding Industry 


On Sept. 17, 1957, a talk was pre- 
sented before the Eastern Zone Regional 
Meeting of the National Welders Supply 
Association by Robert M. Rohrberg, 
office of the vice president—sales of the 
Air Reduction Co., Ine. Entitled, 
“Growth and Development of the Weld- 
ing Industry,” the talk has been repro- 
duced in a 15-page booklet by Airco and 
is available to the public. Analysis is 
given to such questions as_ vertical 
growth, horizontal growth, internal 
growth, future economic growth factors, 
welding markets and welding’s future. 

For your free copy, circle No. 27 
on Reader Information Card. 


Carbon-Arc Compressed-Air 
Cutting 


Bulletin DM-72 from Hobart Broth- 
ers Co., Troy, Ohio, tells how a large 
foundry reduced cleaning room costs 
with carbon-are compressed-air cutting 
equipment. Pictures show the step-by- 
step method of finishing castings in this 
plant. 

For your free copy, circle No. 28 on 
Reader Information Card. 


Brazing Manual 


A new 28-page booklet for self-instrue- 
tion and in-class or on-the-job training 
in metal joining (28 pp., 4 x 7 in.) has 
been published by All-State Welding 
Alloys Co., Inc. Entitled “Brazing 
Manual” the 4 x7 in. publication is par- 
ticularly addressed to the service 
trades. It contains illustrated data for 
brazing shapes, sheet, castings, tubing 
and assemblies of copper, brass, steel, 
aluminum and cast iron. 

For your free copy, circle No. 29 on 
Reader Information Card. 


Aluminum 


Sheet and Plate Product Information, 
a 320-page, illustrated book prepared 
by the Technical Publications Depart- 
ment of Kaiser Aluminum & Chemica! 
Sales, Inc., Chicago 11, Ill., is available 
without cost if requested on company 
letterhead; otherwise a charge of $5.00 
is made. 

The subject of aluminum sheet and 
plate has been comprehensively treated 
in this new book. The material in- 
cludes a wide range of data on alu- 
minum and its alloys. 

The well-illustrated volume of 320 
pages is designed to inform the reader of 
aluminum’s characteristics and its prac 
tical applications for a variety of sheet 
and plate fabricated parts and assem- 
blies. 

The purpose of the book is twofold 
(1) to deseribe aluminum and its alloy 
as a metal, how it is made, its availa 
bility, and the metal’s physical and 
chemical attributes and (2) to impart to 
the reader the basic facts which will be 
helpful in the proper selection and use of 
aluminum sheet and plate alloys, for 
various methods of aluminum fab- 
rication and finishing. 
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Welding Fittings would otherwise be time-consuming or Preforms 
economically impossible. 
A new 4-page folder has been released Case histories are cited in which pow- Bulletin 114 describing Epoxweld 100 
by the Tubular Products Division of the der lancing saved valuable steel-pro- preforms, a new single component 
Babcock & Wilcox Co., Beaver Falls, ducing time in furnace maintenance epoxy preform used in automatic or 
Pa. This folder, known as Bulletin work, such as tapping open-hearth slag production joining, sealing or encapsu- 
FB-503, explains the proper ways to pockets and blast-furnace salamanders, lating metals, ceramics, glasses and 
prepare the requisition or order for and cleaning up spill-out debris. Other quartz, is available from Duramic Prod- 
welding fittings and flanges. By follow- case histories show how powder lancing ucts, Inc., 262-72 Mott St., New York 
ing the suggestions in this folder, the is used to shape and demolish thick con- 12, N.Y. 
buver can be sure that the supplier will crete in situations where conventional! Bulletin 114 is a 2-page bulletin in- 
understand what he requires. demolition methods cannot be em- cluding data on curing temperatures, 
a For your free copy, circle No. 30 ployed. time cycles, sizes and shapes available, 
h- on Reader Information Card. For your free copy, circle No. 35 clearances necessary, suggested applica- 
ge on Reader Information Card. tions, and a photo of typical Epoxweld 
sts Surfacing News preforms, 
ng Fire Prevention Epoxweld 100 is an unpolymerized 
iis News, ublished by Wall Colmonoy The December 1957 issue of ‘Are and chane and 
Corp., 19345 John R. St., Detroit 3, Flame,’ Vol. 7, No. 4, is now available of epoxy | lin ‘ 
on \lich., is now available for distribution. from Canadian Liquid Air Co., Ltd., plish a production assemb!| = 
Che six articles in this March-April issue ‘1111 Beaver Hall Hill, Montreal, Que- Mo. 
er such subjects as the surfacing by bee. The f feature article describe s some teacde r 
etal spray on cutter head shafts: ot the fire prec autions ts ike n by the var- —* “ 
the suecess of Wall Colmonoy’s speakers’ ious employes at Montreal Trans sporta- 
bureau; maintenance surfacing in a tion Commission. Other artic les in the Report on Beryllium 
inadian refinery; the counter action four-page folder discuss iron-powder 
~ corrosion galling; the surfacing of electrodes, pipe-cutting machinery, re- ‘“‘Beryllium—Present and Potential 
y 
ng ingers used in boiler feedwater pumps pair of bronze propellers and uses for Uses,’ a speech delivered before the 
| a description of the manufacturer's gasoline-driven motor-generator  wel- Atomic Energy Management Confer- 
ng yraywelder units.” ders. ence on March 17th in Chicago, has been 
ng For your free copy, circle No. 31 on For your free copy, circle No. 36 reproduced in a 15-page booklet form by 
“a der Information Card. on Reader Information Card. the Beryllium Corp., P. O. Pox 1462, 
ice 
ve team Trap Data 
ig 
el, \ x 8'/+in. data card entitled, 
iething New in Trap Mainte- 
on ” is now available from Tempil 
132 W. 22nd St., New York 11, CLEANEST 
Y. The colored pocket guide in- 
s steam trap data showing the ALUMINUM 
temperature expected to occur 
a normally functioning trap for a WELDING 
mM, steam supply pressure. WIRE! 
ed your free copy, circle No. 33 
feade formation Cars 
rt- 1. ANALYSIS GUARANTEED y 
— 
‘ass-to-Steel Welds 2. MICROSCOPICALLY CLEAN 
ie , J 3. SAME SIZE END TO END 
ny laylor-Winfield Corp., Warren 
00 blished j AND PERFECTLY ROUND 
as publisher issue NO. 
ld-It.”” Described in the four-pag 
= if is a resistance-welding techni jue ta Pr THESE ARE THE FOUR BIG 
a red by the Ohio concern t join : REASONS WHY MORE AND 
cal connector tabs to terminal pins Pr 
u- . plant of the Fusite Corp. Re- MORE AIRCRAFT AND MIS- 
uy ce-welding installations at other fe SILE MANUFACTURERS SPE- 
7 inies within the refrigeration in- CIFY ALUMINUM WELDING 
are also discussed. EXTRUDED AND PRE- 
vour free copy, circle No. 3 
et CISION WOUND BY ALL-STATE. 
ader Information Card. 
m- 7 FULL STOCK MAINTAINED AT 
Powder Lancing WHITE PLAINS AND AT WEST 


COAST WAREHOUSE: 4933 


ys new §8-page booklet describing 
la i i] powder-lancing applications is FIRESTONE BOULEVARD, SOUTH 
nd tble from Linde Co., Division of GATE, CALIFORNIA * ASK FOR 
to l n A arbide Corp., 420 Lexington om ALUMINUM LIST AND DATA SHEET. 
be A New York 17, N. Y. In addition a. 1M ead 

of to giving a brief history of powder lanc- a 
‘or the illustrated booklet shows how LL-STATE WELDING ALLOYS NEW YORK 
b this process is utilized in the steel and 

truction industries on jobs that For more details, circle No. 32 on Reader information Card 
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Kaiser Steel’s Montebello Fabri- 
cating Plant uses A. O. Smith 
electrodes in fabricating 54-ton 
flame deflectors that tame 

the flame in rocket engine tests 


When you test a rocket engine, there’s 
literally “hell to pay” in terms of heat, 
thrust and distortion. To tame the rock- 
et’s flame, Kaiser Steel’s Montebello plant 
builds water-cooled, 54-ton flame deflec- 


tors. Consisting of 18 individual castings, 
each deflector requires over 5,000 lbs of 
electrodes. 

Kaiser Steel is using A. O. Smith SW-15 
(E-6013) and SW-44 (E-6024) electrodes 
for the job. 

It’s just one of many cases in which 
A. O. Smith can provide the answers to 
unusual as well as routine welding prob- 
lems. For more details, contact your man 
from A. O. Smith or write direct. 


Half-sections of 54-ton unit requiring over 5,000 Ibs. of A. O. Smith electrodes. 


The man from 
A. O. Smith 


Jim McKinney is the 

A. O. Smith representative 
who worked with Kaiser 
Steel. More than a salesman, 
he’s a welding specialist, 
ready and eager to help 

you with any of your 
welding problems. 


Through research - ...@ better way 


O R.A. T N 


WELDING PRODUCTS DIVISION 


Milwaukee 1, Wisconsin 


= y 


A. 0. Smith INTERNATIONAL S. A., Milwaukee 1, Wisconsin, U.S.A. 


For more details, circle No. 38 on Reader Information Card 
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For more details, circle No. 38 on Reader Information Card 
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Write for free catalog 
on Metalworking 
Ideas. 


tion rig't in your plant. 


A COMPLETE SHEET METAL 
SHOP IN ONE MACHINE 


PULLMAX 


DOES ALL OF THESE OPERATIONS 


CUTTING 


SLOT CUTTING 


* CUTS MILD STEEL UP TO ''/,,” 


The one machine that’s sure to 
save time, labor and material 
when you work sheet or plate. 
Eliminates expensive die costs— 
easy to operate. 7 sizes to choose 


from. 


. 16mm sound film 


+ or @ demonstra- 


AMERICAN PULLMAX CO., INC. 
2467 N. Sheffield Ave., 


Circle No. 39 on Reader Information Card 


icago 14, lil. 


For more details, circle No. 40 on Reader Information Card 

New Literature 


Finishing 
“Ni-Hard” blades for batch concrete mixers 
was slow and costly for the Besser Co. of 
Alpena, Michigan 
block-making machinery. 

But the fast, versatile Arcair process solved 
the problem of removing riser stubs effi- 
ciently. Now in 15-20 minutes per stub, 
the Arcair torch does a job that once took 
2 hours of tedious grinding 
time amount to more than 85%, and con- 
sumption of grinding wheels has been cut 
by 75%. 
Arcair can help you too! Basic simplicity 
electric arc plus ordinary 
compressed air makes 
the patented Arcair torch, 
with Arcair Copperclad 
electrodes, the new, effi- 
cient, cost-cutting answer 
to most metal removing 
problems. 

See 


from many industries. Write 
TODAY for FREE BROCHURE! 


Reading, Pa. Authored by Lawrence 
F. Boland, vice-president of the Reading 
concern, the text describes such issues as 
metal, oxide, cost, availability, brittle- 
ness, toxicity, need for fabricators and 
general conclusions. 

For your free copy, circle No. 41 
on Reader Information Card. 


X-Ray on Tough Metals 


A new bulletin, describing how 
Haynes Stellite Co. uses the X-ray 
spectrograph to determine percentages 
of elements in alloys, is available from 
the Instruments Division, Phillips Elec- 
tronics, Inc., 750 S. Fuiton Ave., 
Mount Vernon, N. Y. 

The text covers procedures used for 
1100 analyses per month involving 
chromium, tungsten, iron, molybdenum, 
nickel, cobalt, titanium, manganese and 
vanadium in concentrations ranging 
from 1'/, to 30% by weight. 

Sections of the bulletin deal with 
sample preparation, selection of stand- 
ards, and other applications of the X- 
ray method to special problems. The 
discussion tells how an analysis is now 
made in 20 minutes where it formerly 
took 24 hours by wet chemistry. 

For your free copy, circle No. 42 
on Reader Information Card. 


CONCRETEMMIXER MAKER 
FINDS ARCAIR CUTS COSTS 


Operations on rugged, cast 


builders of concrete 


Savings in 


proof of performance 


431 S. Mt. Pleasant St., Lancaster, Ohio 


Welding Fittings and Flanges 


Two technical data cards have just 
been released by the Tubular Products 
division of the Babeock & Wilcox Co., 
161 E. 42nd St., New York, N. Y. 
Technical Data Card FDC-251 furnishes 
approximate weights of the many sizes 
and types of forged steel flanges, while 
Technical Data Card FDC-250 supplies 
the weights of eight different types of 
welding fittings in a full list of sizes. 

For your free copies, circle No. 43 
on Reader Information Card. 


Spot and Projection Welders 


Sciaky Bros., Inc., 4915 W. 67th 
St., Chicago, Ill., announces a new bul- 
letin 317-2R, which describes the Sciaky 
Type SP 2 spot welder and Type EP 2 
projection welder. 

These air-operated press-type, low- 
impedance, single-phase welders can re- 
portedly be used for a wide range of high 
production fabricating applications. 
The 6-page folder also includes machine 
data to indicate kva range, throat 
depths and welding capacities. It also 
describes optional equipment which ex- 
tends the range of welder functions. 

The Type EP 2 projection welder 
can be converted as a combination pro- 
jection-spot welder by using simple tool- 
ing supplied as optional equipment. 

For your free copy, circle No. 44 on 
Reader Information Card. 


Heat Treating 


Ferrotherm Co., 1861 E. 65th St., 
Cleveland, Ohio, offers a new technical 
“Datalog” on heat-treating processes 
and processing equipment. This 7-page 
folder covers protective atmosphere an- 
nealing, brazing and hardening of a wide 
variety of metals, including stainless 
steel, in continuous, batch or pit-type 
furnaces. 

For your free copy, circle No. 45 on 
Reader Information Card. 


Metallizing 


A brochure covering phases of meta! 
lizing has just been published by the 
Metallizing Co. of Los Angeles, 1233 8 
Boyle Ave., Los Angeles 23, Calif. 

The illustrated brochure explains the 
advantages that metallizing, or meta! 
spraying, offers to five separate fields 
namely, machine element coatings, cor 
rosion-resistant coatings, heat-resistant 
coatings, as well as decorative and 
replica coatings. 

For your free copy, circle Nc. 46 on 
Reader Information Card. 


Circle No. 47 on Reader Information Card — 
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Inert-Gas Welding Torch 


Linde Co., Division of Union Carbide 
Corp.., 30 E. St., New York 17, 
N. Y., has announced a new Heliare 
hand-welding torch, the HW-1S. As de- 
scribed by Linde, an important feature 
of the new torch is that the cooling water 
passages are molded in the torch head, 


giving complete freedom from leakage. 
Lighter 
torch body is made of Fiberglas-rein- 


smaller and more rugged, the 


forced phenolie with exceptional heat re- 


sistance. New gas cups for the torch 
have improved thermal shock and heat 


resistance with impact strength four 
times greater than usual ceramic cups. 
For exe ptionally hard use, metal 


sieeved CUpS are available 


Th new tore h weighs 7 oz. Improved 
design of collet bodies gives more ef- 
ficient argon shielding, thereby conserv- 
ing gas. Optional shut-off valve on 
handle 
ing steps and increasing efficiency. 

For more details, circle No. 48 on 


Reader Information Card. 


besides sav- 


iso conserves gas, 


Nickel Electrodes 


Two new welding products have been 
announced by the International Nickel 
Co., Ine., 67 Wall St., New York 5, 
N. Y. One, Inco-Weld “A” wire, is de- 
signed especially to give predictable, 
high-quality automatic and manual in- 
ert-gas welds in 95% of the dissimilar 
metal combinations industry encounters, 
The other, Inco-Hard “1,” is an elee- 
trode for hard surfacing steel or cast- 
iron equipment subject to heavy wear 
and abrasion. 

Ineco-Weld 
greater versatility to the inert-gas weld- 
ing field, with applications in petroleum 
refineries, industrial chemical plants, 
processing plants and nuclear power 
plants. 


wire is said to add 


652 


Inco-Weld “A” wire reportedly in- 
troduces such advantages as a high- 
strength, corrosion-resistant deposit; 
machinability; high impact resistance 
for subzero applications; good elevated 
temperature properties and X-ray qual- 
itv welds. 

The second new product, Inco-Hard 
“1.” is a metal-are welding electrode for 
applying a hard protective surface to 
low-alloy steels or cast irons which are 
subject to severe abrasive conditions. 
The protective overlay is structurally 
similar to Ni-Hard nickel-chromium al- 
loy, and is intended to give eqiupment 
prolonged life. 

For more details, circle No. 49 on 
Reader Information Card. 


X-Ray Film 


A new industrial X-ray film, which has 
approximately 50°% more speed than the 
fastest Kodak industrial X-ray film 
presently available, has been announced 
by Eastman Kodak Co. 

Named Kodak Industrial X-ray Film, 
Type KK, the new film will replace 
Kodak Industrial X-ray Film, Type K. 

It is expected that the new film will 
prove particularly valuable in cutting 
exposure time in radiographic inspection 
of thick sections such as marine pro- 
peilors or large steel castings. 

Despite the increased speed of Type 
KK Film, tests indicate that in examina- 
tion for gross defects the film’s radic- 
graphic sensitivity compares favorably 
with Kodak Industrial X-ray Film, 
Type K. 

For more details, circle No. 50 
on Reader Information Card. 


Soldering Alloy 


StainTin (R) 157-PA, a solder-type 
alloy in paint-on paste form for stainless 
steels has been developed by the Eutec- 
tic Welding Allovs Corp., 40-40 172nd 
St.. Flushing, N. Y. 

The StainTin 157-PA alloy is finely 
powdered and silver-bearing, suspended 
in a balanced liquid-flux composition. 
The operator paints the paste on the 
surface, and applies heat, preferably in- 
direct, until the alloy flows and bonds at 
approximately 450° F. 

Other uses for thin-flowing StainTin 
157-PA include sealing spot-welded and 
wrapped seams, step soldering complex 
assemblies, and filling holes, pits, depres- 
sions, tool marks and scribed lines. 


addition to 
used with 


StainTin 157-PA, in 
stainless steel, can also be 
steels, copper alloys and nickel alloys. 

For more details, circle No. 51) on 
Reader Information Card. 


Welder-Compressor 


A new self-propelled unit for opera- 
tions requiring both are welding current 
and compressed air has been developed 
by Hobart Brothers, Co., Troy, Ohio 

Mounted on the rear is a 125 cu ft 
rotary-type compressor driven by a 4- 
evlinder gasoline engine. The compres- 
sor is completely self-contained with th 
exception that it draws its gasoline from 
a common fuel tank. 


> 


The welder is a 600-amp d-c unit 
driven by a Chrysler V-8 engine. This 
same engine drives the vehicle through a 
special axle built by Hobart and throug! 
a Chrysler Powerflite transmission and 
torque converter. The unit is als 
equipped with hydraulic power steer- 
ing. 

For more details, circle No. 52 
Reader Information Card. 
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Hard-Surfacing Powder 


A nickel-base hard-surfacing powd 
containing tungsten carbide and chro 
mium borides is now available from Wal 
Colmonoy Corp., 19345 John R. St 
Detroit 3, Mich. Named Colmonoy No 
75, the new powder is recommended for 
use with the “Sprayweld’’ process 
applications requiring exceptional 
sistance to abrasion or to combined 
abrasion and galling. 

The tungsten-carbide inclusion in th 
new material makes it especially well 
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DRUM OPENER 


For Interesting Information write 


MERRILL BROTHERS 


56-33 Arnold Ave., Maspeth, N. Y. 
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suited to applications involving wear 
action or metal-to- 
Colmono, No.75 


is suitabl ror Sprayweld”’ 


caused by scrubbing 
metal contact Sines 
application 
shape part is no limitation 


details eiIrcl No on 


Reader Information Card 


For mort 


Spot Welder 


SR «a new 
rocker-arm spot welder, has been de- 


1915 W 


ol] 
IN 


ped by Seiakv Bros Tne 


Chicago, Ill 


67th St 


relatively light metals are 


bricated, the unit’s control is transis- 


tionized with plastic-coated printed cir- 
uitry and plug- n components Wi 
rs are available in standard “O”’ siz 


frame with 30- or 50-kva transformer 
at depth can hye 
to arn 


varied by 1 


i lengths, ranging from 12 to 42 
For more details eire |e No. 55 on 
Reader Information ¢ ard. 


Welding Positioner 


Aronson Machine Co., Arecarde, N. Y.., 
has introduced ‘unit- 
frame’ turning rolls, designed for load 
capacities up to 20,000 lb and to handle 
evlindrical vessels from 3 in. to 6 ft in 
diam with lengths up to 20 ft. Various 
sizes of rubber and steel tires are fea- 
tured with ‘“‘taper-lock’’ hub bushings. 

For more details, circle No. 56 
on Reader Information Card. 


a new line of 


New Products 


PART NO. 

4911-GS 

Made from 
= = 3 ASTM A-106 


A or B carbon 


steel 


@ WELDS TO MAIN AND 
1-1/4” SUPPLY LINE 


@ COLD-FORMED FROM 
SEAMLESS STEEL TUBE 


@ EXTRA STRONG, EXTRA 
SMOOTH INSIDE AND OUT 


@ COMPLETE WITH PLUG 
AND CAP 


for complete information write 
NIBCO INC. 
DEPT. H-8106, Elkhart, Indiana 
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Welding and Cutting Outfit 


Smith Welding Equipment Corp., 
2633 5S. E. 4th St., Minneapolis, Minn., 
has introduced a package outfit for 
oxyacetylene welding and cutting suit- 
able for such applications as welding, 
burning, heating, brazing and soldering. 
Included in the carton are a standard 


4 welding tips, cutting 


torch handle 
assembly, | cutting tip, oxygen regula- 
tor, pre-set acety lene regulator, goggles, 
torch lighter and hose. Called the 


pe sition. 


of backfires by the “Flo-trol” system of 
gas control. 

For more details, circle No. 58 on 
Reader Information Card. 


Air Valve 


A new 4-way air valve for use with 
spot welders, pneumatic tools and other 
industrial applications, has been an- 
nounced by Square D. Co., Milwaukee, 
Wis. The use of a rotary magnet sim- 
plifies design, permits mounting in any 


Because of its small size, the 


Big 98,” the outfit includes such fea- new valve can be mounted at the eyl- 
inder, eliminating the need for long air 
lines between valve and cylinder. 


tures as the elimination of torch 


wrenches and the reported elimination 


THEY 


LOOK 


ALIKE... 


BUT THERE'S A BIG DIFFERENCE INSIDE 
AND THE BIG DIFFERENCE INSIDE 
ACETYLENE CYLINDERS IS COYNE’S SPECIAL 
AONOLITHIC FILLER. THERE’S 

ALWAYS GRADE A QUALITY INSIDE EVERY 


IYNE CYLINDER—LET US PROVE IT 
Mill for 


cylinder company 


A AA nic 
OR A MAGIC 


200 PAUL AVE., SAN FRANCISCO, CALIF. 
155 W. BODLEY AVE., MEMPHIS, TENN. 
511 S. FULLERTON RD., LA HABRA, CALIF. 
24 COMMERCE STREET, NEWARK, N. J. 


For more details, circle No. 62 on Reader information Card 
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Balanced internal pressure helps in- 
crease service life; the new Square D air 
valve has been tested at more than 25 
million operations. Change of direction 
in the air flow takes place in less than 
eyele at 60-cycle frequency. Full 
'/,in. porting is provided throughout the 
unit. 

For more details, circle No. 59 on 
Reader Information Card. 


Continucus Filler Wire 


Announcement of a new continuous- 
are mild-steel welding system has just 
been made by Canadian Liquid Air 
Co. Ltd., Montreal, Canada. 


The new process will be known as the 
Dynaweld system. According to Liquid 
Air, this system is completely independ- 
ent of water cooling or gas shielding. 

The Dynaweld system is comprised of 
a precision-twisted coated filler wire. 
The wire is drawn off its power-driven 
supply reel at predetermined speeds 
through associated equipment and fed 
through a specially designed pistol-type 
electrode holder. Welding current. is 
supplied from any standard a-c or d-c 
welder, the latter being preferred. 

For more details, circle No. 60 on 
Reader Information Card. 


Aluminum Bronze 


Victory over a prime metallurgical 
problem—stress corrosion cracking—is 
claimed by Ampco Metal, Ine., 1745 
5. 38th St., Milwaukee, Wis., producer 
of aluminum bronzes, as a result of con- 
clusive field testing of its new Ampco 
Grade 8 alloy. 

The alloy has been successfully pat- 
ented in the U. 8., and additional pat- 
ents are pending in six foreign coun- 
tries. 

J. D. Zaiser, president of Ampco, 
predicted the company’s discovery will 
provide great impetus to the use of alu- 
minum bronze in competition with 
nickel-bearing and stainless-steel! alloys 
in many applications which have hereto- 
fore been confined to these alloys. 

For more details circle No. 61 on 
Reader Information Card. 
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HANDLE AIR VALVE 


f Eliminates one of the two hoses 
normally needed between valve 
and cylinder! 
Saves all of the air previously 
lost in filling and exhausting the 
two hoses! 
; SMALL AND LIGHT... doesn’t get in 
; operator's way or give him a lot of ‘ 
: extra weight to handle. 4 
; HIGH SPEED because line air pressure 
is always available at the gun. 
LOW NOISE LEVEL because built-in 
muffler virtually eliminates exhaust 
noise— reduces operator fatigue. 
¥ LONG LIFE for valve because there’s 
é only one moving part and it ‘‘floats on 


air,’ eliminating friction wear. Long 
life for cylinder, too, because air 
exhaust at gun cools cylinder and in- 
creases operating efficiency. Perform- 
ance-tested by more than 25 million 
operations on welding gun. 


SIMPLE MAINTENANCE... plug-in for Bulletin SM-276 
valve head can be changed without Address Square D Company, 
removing electrical connections orair 4041 North Richards Street, 
piping. Milwaukee 12, Wisconsin 


'ESQU 


For more details, circle No. 63 on Reader Information Card 
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Water Mizer 


Van Vooren Products, 2133 9th St., 
East Moline, Ill, have introduced a 
new model “water mizer’’ for applica- 
“Hi-Lo” outlet ports are re- 
moved from the main control unit, such 


tion where 


as on large projection welders, multi- 
gun multi-transformer welders and air 
compressors According to the manu- 


this new SP series can be fur- 
nished with as many ‘‘Hi- 
needed for the 
ean reported] be 


tacturer, 
Lo” ports as 

Kach port 
adjusted for the re- 


appli ition 


quired water flow. 
For more details, eircle No. 64 on 
Reader Information Card 
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TOP WELDERS CHOOSE MANGANAL BARE because: 


1. It makes the strongest welds fastest. 

2. No coating; no slag; no chipping. 

3. Workhardens to 550 Brinell; tensile strength, 150,000) psi. 
4. 100% metal deposit; every ounce counts. 


For the most effective and economical reclamation welding of 
parts worn through impact and abrasion. 


Soldering Flux 


Anchor Metal Co., Inc., 966 Meeker 
Ave., Brooklyn 22, N. Y., has de- 
veloped an organic base flux that is 
claimed to be highly active yet com- 
pletely noncorrosive. 

This flux, designated as Anchor No. 
302, strips oxides from stainless steel, 
steel, nickel and nickel-chromium al- 
loys, simplifying soldering of these 
metals. This high activity is achieved 
without using zinc or ammonium chlo- 
rides, acids or rosin. The flux report- 
edly has an exclusive organic base that 
will not attack metal in either its orig- 
inal form or in the residue. 

For more details, circle No. 66 on 
Reader Information Card. 


Anti-Spatter Compound 


“Weld-Gard,” a chemical 
compound which prevents the adhesion 
of weld spatter to the surrounding metal 
surface, is available from Clarkson 
Laboratories, Inc., 930 N. Darien St. 
Philadelphia 23, Pa. A viscous amber 
liquid with a mild, 
compound is reportedly 


special 


pleasant odor, the 
nontoxic, non- 


inflammable and nonecorrosive to both 


ferrous and nonferrous metals. 


MANGANESE- NICKEL STEEL 


pare WELDING ELECTRODES 


For more details, circle No. 65 on Reader information Card 


New Products 


“Weld-Gard” 
adjacent to surfaces to be welded by a 


is applied to the metal 


brush or rag. Once applied, it forms a 
tough barrier which prevents molten 
weld spatter from adhering to the metal. 
The “Weld-Gard” and spattered metal is 
removed by washing off with water or 
by wiping with a wet sponge or rag 

For more details, circle No. 67 on 
Reader Information Card. 


Turntable Positioner 


Designed by Aronson Machine Co., 
Arcade, N. Y., for use with materials 
subjected to drilling and tapping opera- 
tions, the FT75CS turntable positioner 
has a load capacity of 75,000 lb, center of 
gravity location within 12 in. of center 
of table. Table rotation with 35,000 |b 
in. of torque at 2.5 rpm constant — is 
provided by acd 2-hp br: ake — r. The 
72-in. diam S8-slot table 2 in. thick 
has l-deg increment marks at periphery 
with an indicator to establish degree ot! 


rotation. I 
heavy-duty construction mounted on 4 
Vee-groove self-cleaning machined steel 


A pow? red horizontal base o 


wheels allows 3 ft forward and revers« 
movement of the positioner. The mov- 
able base is powered by a */y-hp gear 
motor and is equipped with a cam-lock 
handle to secure positioner on tract dur- 
ing setup and drilling operations. The 
control station is on 110-v safety contro! 
circuit with 20-ft remote control 4-but- 
ton station. 

For more details, circle No. 68 on 
Reader Information Card. 


Honeycomb Brazing Sheet 


A new Nicrobraz honeycomb brazing 
sheet 0.005 or 0.010 in. thick for us 
with stainless steels. high allovs and ti- 
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PRECISION to manufacture 
«| foil welding machines 


| Exclusive licensee in U. S. and Canada 
“i for Peco Foil Butt Seam Welding under U. S. Patent No. 2,812,417 


rau- 
1er 
- The Peco Foil Butt Seam Welding Process has been used Sr. 
a in European production with outstanding success. Now, 
Dis here in America, Precision is manufacturing machines a 
‘he ising this patented process, as exclusive licensee in the wane 
ick United States and Canada. 
ry With these new Precision machines, you can make 
ol smooth, non-overlapping seam welds of dense structure eae 
' ind high strength—at higher speeds than ever before. 
Welds have been made on .078” stock at 3 to 24 feet per \ 
jinute. Because the Peco process requires less heat and 
pressure than mash welding there is less power demand 
nd less warping of sheets. Can be used for mild steel, low 
r lloy, high carbon and stainless steel. 


Typical applications include: railroad car industry 
elding sides and roofs), automotive industry (welding 


enders, mufflers and gasoline tanks), appliance industry 


velding washing machine tubs, dishwashers, sinks and 
efrigerators), steel mill industry (joining ends of coils), 


lding dairy containers and various applications in air- 
aft and other industries (often in place of seam, flash or 
14 sion welding). 


bd 


eel The new Precision Foil Welding Machines are the latest 
rst j elopment in our continuing program to advance resist- 
ii ce welding techniques. Other Precision developments 
or ‘lude Magnetic Force Welding, Magna-Flash Welding, 
ve : nyl Coated Steel Welding, and machine tool construc- 
“a : n with the Ball Bearing Ram. Call or write today for 
al mplete information. 
ut- q 
& ¥. Foil acts as a bridge to distribute welding current to both 
sheets, and also prevents too-rapid withdrawal of heat 
from the joint area. Foil strip offers added electrical re- 
or e JOINT + LINE sistance and helps contain the molten weld nugget while 
7 : it grows in area and cools. Sheets are generally clamped, 
FS otomacrograph— .078” mild steel, foil butt seam welded and in some instances the foil is spot tack welded at lower 
144” per minute. heat before being seam welded. 


| Sis PRECISION WELDER AND 
| FLEXOPRESS CORPORATION 


20 Ibsen A venue, Cincinnali 9, Ohio Builders of all lype s Resistance Welders and High -S pe ed Presses 


Agents in Principal Cities Manufacturing Plants in United States and Canada 


Li 


For more details, circle No. 69 on Reader Information Cord 
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tanium is now available from Stainless 
Processing Division of Wall Colmonoy 
Corp., 19345 John R. St., Detroit 3, 
Mich. 

Development of the thin, flexible 
sheet represents more than two years of 
investigation in Wall Colmonoy’s re- 
search laboratories. The new sheet 
thicknesses are recommended for ap- 
plication in the manufacture of brazed 
honeycomb structures for high-tempera- 
ture service. Being flexible, the new 
material adapts readily to contoured 
surfaces. 

For more details, circle No. 
Reader Information Card 
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Resistance-Welding Holders 


A new line of standardized resistance- 


HIGHEST 
QUALITY 


DUST FREE 


DEPENDABLE 
SUPPLY 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


welding holders has been announced by 
P. R. Mallory & Co. Inc., Indianapolis 
6, Ind. More than one thousand sepa- 
rate combinations of resistance-welding 
setups are now possible with such in- 
terchangeable components as_ holders, 
barrels and adaptors. Many of these 
combinations, according to the manu- 
facturer, could be accomplished previ- 
ously only by specially designed hold- 
ers. 

The versatility of the new Mallory 
welding holder line reportedly offers a 
number of advantages to manufacturers 
who use resistance welding. 

For more details, circle No. 71 on 
Reader Information Card. 


Paint Burner 


Weldit, Inc., 990 Oakman Blvd.. 
Detroit 38, Mich., has developed a new 
paint burner that gives a wide, flat, 


A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
GENERAL OFFICES: 150 EAST 42ND STREET, NEW YORK 17, N. Y. 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 


For more details, circle No. 72 on Reader Information Card 
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New Products 


ribbonlike flame. With the Weldit air 
control, the flame can be adjusted from 
hard to soft and from short to long. The 
486 paint burner is made to fit three 
standard Weldit torches, the C-48P with 
automatic trigger control, the C-48WP 
and the B-56P. 

For more details, circle No. 
Reader Information Card. 


73 on 


Cutting Machine 


Speedi-Burn Products Co., 534 Lin- 
den St., West Hempstead, N. Y., has 
introduced a flame-cutting machine for 
cutting irregular shapes from steel 
plate. According to the manufacturer, 


the unit is used principally for cutting 
thickness within the range of '/, to 2 in. 
with respective cutting rates of 24 and 
10 ipm. variable-speed gear-head 
motor is used to drive the tracing head. 

For more details, circle No. 74 on 
Reader Information Card. 


X-Ray Unit 


Picker X-Ray Corp., 258. Broadway, 
White Plains, N. Y., has introduced an 
X-ray unit known as the Picker Cyclops 
Cobalt 60 for radiographic inspection of 


steel castings, weldments and other 
steel products. According to Picker, 
determinations can be made on steel 


products up to 10 in. thick in a reason- 
able period of time with 1 and 2% radio- 
graphic sensitivity. The manufacturer 
points out that this particular unit is 
adaptable fer smaller companies in need 
of X-ray equipment. The Picker Cye- 
lops will reportedly radiate energy 
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BUCKET FRONTS, SIDES, BOTTOMS AND LIPS are naturals for Semi- 
Automatic Hard-Facing. The large surfaces are covered faster and can = 
be quickly touched up during short periods of downtime. Stoody 100, 

ipplied in various patterns, gives economical wear life. 


BUCKET TEETH AND ADAPTERS are /iard-faced with Stoody 100. 
Usually, stringer beads are applied counter to direction of mate 
rial flow, with more effective wear resistanc 


Better wear protection, 
faster application on shovel parts 


with STOODY SEMI-AUTOMATIC HARD-FACING! 


Hard-facing jobs that used to take hours can now 
be done in minutes. These tremendous time-savings 
are the result of Stoody Semi-Automatic Hard-Fac- 
ing...a process that puts down 2 to 4 times more 
hard metal per hour than is possible by manual 
welding. Here’s a way not only to cut maintenance 
costs, but to simultaneously lighten work loads on 
welding crews...provide more time to finish work 
that normally piles up—or never gets done! 


With Stoody’s complete line of alloys in wire form 
for semi-automatic hard-facing, an exact choice 
best suited for each wear problem is available, Get 
the full facts on Stoody Semi-Automatic Wires and 


see how you can cut welding time, simplify main- 
tenance and still obtain the same high wear resist- 
ance available in other Stoody Alloys. 


TEST STOODY SEMI-AUTOMATIC HARD-FACING IN 
YOUR OWN PLANT—Arrange now for a personal 
demonstration with any Stoody Distributor. Check 
the Yellow Pages of your phone book or write direct. 


STOODY COMPANY 


11986 East Slauson Avenue 
Whittier, California 


For more details, circle No. 75 on Reader Information Card 
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* Airco 90C all-position elec- 
trodes are unusually efficient 
where penetration must be 
shallow. 


* Weld storage tanks, air 
frames, metal furniture, a 
broad range of sheet appli- 
cations. 


* Weld the bulk of jobs done 
by garages, small shops, and 
on farms. 


Airco 90C electrodes give a 
sure and easy arc start. Oper- 
ate without interruption on 
transformers of low open 
circuit voltage, or on DC, 
either polarity. Give a 
smooth, uniform, convex 
deposit. 
FREE — Send for the handy Airco Elec- 
trode Guide. It will help you select the 
right electrode for your specific job. 
Request catalog 1318. 


Authorized Airco Dealers 
in principal cities 


Air REDUCTION 
Sates COMPANY 


A division of Air Reduction Compony, Incorporated 
150 East 42nd Street, New York 17, N. Y. 


Circle No. 81 on Reader information Card 
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equivalent to the 2 to 3 million volt X- 
rays needed to penetrate many of the 
components used in the construction of 
nuclear reactors. 

For more details, circle No. 76 on 
Reader Information Card. 


Allen Wrench Holder 


Contour Marker Corp. of Compton, 
Calif., announces the production of 
their new “Co-Ma-Co” Allen wrench 
holder. 


This carrier holds 10 or more Allen 
wrenches of various sizes for quick and 
easy selection. 

The holder clamp is slipped off-center 
for quick removal or replacement of any 
size Allen wrench. 

For more details, circle No. 77 on 
Reader Information Card. 


Heat Treating 


Airline Welding and Engineering 
Corp., 750 N. Prairie Ave., Hawthorne, 
Calif., has announced the development 
of interchangeable temperature-con- 
trolled mandrels for pre- and postweld 
heating of crack-sensitive metals for the 
company’s LW 10000 Series longitudinal 
and C-20000 Series circumferential 
welding machines. 


The new system features thermostat- 
ically controlled, electrical immersion, 
remote heating unit in which special oils 
may be heated from 80 to 600° F with a 
variation of only 15° F. The oil is cir- 
culated, under pressure, through the 
welding backing mandrel and returned 
for reheating. Heat from the oil is 
transferred, by conduction, to the steel 
mandrel and copper or steel backing 
bar. 

For more details, circle No. 78 on 
Reader Information Card. 


New Products 


Semiautomatic Welder 


A new portable welding machine for 
semiautomatic application of hard-sur- 
facing wire is now available from Wall 
Colmonoy Corp., 19345 John R. St., 
Detroit 3, Mich. 


Designated the Colmonoy semiauto- 
matic welder, the new machine features 
a 14-ft flexible shaft for greater working 
range from one position, and a double- 
range arc-length control circuit for 
greater operating range and better weld- 
ing control. For simplified maintenance 
and service, plug-in circuit construction 
is utilized. The welder operates from 
any welding machine 300 amp or larger. 
Power source may be a-c, d-c rectifier, 
motor-generator, gas drive or constant 
potential machine. No alterations are 
required when switching from ac to 
de. 

For more details, circle No. 79 on 
Reader Information Card. 


Weld Preparation for 
Aluminum 


J. W. Dice Co., Englewood, N. J., 
manufacturers of nondestructive and 
physical test instruments, has intro- 
duced the “microhm meter,’ a surface 
resistance tester, to determine the clean- 


liness of aluminum or other sheet ma- 
terial prior to spot welding. The meter 
measures the resistance of coupons in a 
test jig or the resistance of actual sheets 
at the welder head. 

For more details, circle No. 80 on 
Reader Information Card. 
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Use Pureco CO, 
for LOW COST gas shielded 
metal arc welding 


Pureco carbon dioxide, used as a gas shield by fabri- 
cators of mild steel, will provide quality welds with 
unusual economy. 

Carbon dioxide is ideal for both single and multi- 
pass applications, manual or automatic, with large 
or small diameter wires. And now—you can also use 
CO: for position manual welding. 

Your Pure Carbonic representative can give you 
the technical assistance you need and recommend a 
CO, supply system best suited for your particular 
operation. There are more than 100 Pureco locations 
from coast to coast for your convenience. Call or 
write today. 


GTDC () 


Pure Carbonic Company 


A Division of Air Reduction Company, Incorporated 
150 EAST 42ND STREET, NEW YORK 17, N. Y. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 
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LIGHTING 


For tips that save 


SYLVANIA 


TELEVISION 


Weiders say they prefer Sylvania 
Tungsten Electrodes because they tip 
easily and economically. Now Sylvania 
packs money-saving information on tip- 
ping with every package of welding 
electrodes. The leaflet “How to Avoid 
Waste” presents methods for proper re- 
tipping which are the results of experi- 
ence and research. 

It’s just one more reason why, more 


than ever, welders prefer Sylvania elec- 
trodes and why your welding supply 
distributor is happy to serve you with 
the industry’s only complete line. 

Remember too, that for further pro- 
tection against waste Sylvania electrodes 
are color-coded and packed in a protec- 
tive wood filler. 

Ask your distributor for Sylvania next 
time you order. 


TUNGSTEN MOLYBDENUM + CHEMICALS PHOSPHORS SEMICONDUCTORS 


+ RADIO + ELECTRONICS + PHOTOGRAPHY 


SyLvaniaA ELEctrIc Propucts Inc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 


ATOMIC ENERGY + CHEMISTRY-METALLURGY 


For more details, circle No. 82 on Reader information Card 
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Free Information Free Literature 
Yours for the Asking - 
<8 
Now, with just one postcard, you can gather all 
the literature offered in the Journal. Just follow a F = 
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ELECTRODE-TIP LIFE STUDIES 
IN SERIES SPOT WELDING 


Study includes the effects of electrode geometry, electrode 


material, electrode force and welding current on weld strength, 


weld diameter, weld consistency and electrode life 


BY E. F. NIPPES, W. F. SAVAGE, S. M. ROBELOTTO AND K. E. DORSCHU 


ABSTRACT. The effects of 
foree and welding current on weld strength, 
weld diameter, weld consistency and elec- 
trode life were investigated for series spot 
welds In as-received auto-body stock. As 
, result of this study, an optimum combi- 
nation of welding variables was deter- 
mined ior series spot welding pickled-and- 
ightly-oiled auto-body stock 
A study of the effect of electrode geom- 
etry on weld consistency indicated that a 
2-in. continuous-radius domed electrode 
rovided more consistent welds than the 
isin. continuous-radius dome often 
ised in commercial practice. An addi- 
ional study demonstrated that welding 
mditions which did not produce flashing 
t the electrodes provided more consistent 
velds than welding conditions which 
vused flashing. 


introduction 

The many advantages of series spot 
velding have resulted in wide applica- 
ion of the process to the fabrication of 
nild-steel sheet. In a previous investi- 
zation conducted at Rensselaer Poly- 
technic Institute,' the satisfactory 
spot-welding conditions were determined 
or degreased and for degreased-and- 
pickled steel auto-body stock. How- 
ever, since industrial practice often re- 
quires welding the pickled-and-oiled 
auto-body stock in the as-received con- 


E. F. Nippes, W. F. Savage, S. M. Robelotto and 
K. E. Dorschu are associated with the Department 
of Metallurgical Engineering, Rensselaer Poly 
technic Institute, Troy, N. Y 


Paper presented at the 1957 AWS National Spring 
Meeting, April 8th to 12th, Philadelphia, Pa. 
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electrode 
geometry, electrode material, electrode 


dition, the results of the above investi- 
gation could not be directly translated 
into industrial practic¢ 

Although welding auto-body stock in 
the as-received condition has both 
disadvantages, the 
advantages generally outweigh the dis- 
advantages in commercial production. 
If the steel were degreased and _ re- 
pickled prior to fabrication, then usually 
an additional operation would be re- 


advantages and 


quired to remove the oxides from the 
finished product before paint was ap- 
plied. On the other hand, two major dis- 
advantages result from welding auto- 
body stock in the as-received condition: 
(1) decreased electrode lif 


porosity 
The decrease in elec- 
trode life results from flashing at the 
electrode-to-work interface due to the 
high, inconsistent, surface-contact  re- 
sistance of the as-received stock. 
ity is caused by the entrapment of the 
gases formed by the decomposition of 


in the weld zone. 


Poros- 


the protective oil in the weld zone and 
may result in a significant decrease in 
weld strength. In a previous report,! 
satisfactory conditions for series spot 
welding 0.036-in. stock in the degreased- 
and-pickled condition were reported to 
be: 


Electrode material: RWMA Class 2 

Electrode Geometry: °/s in. over-all diam 
with 7/3 in. re- 
stricted diam 
dressed to 6 in. 
radius 
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Electrode force 360-400 Ib 
Welding current 10,000-11,500 amp 
Welding tim« 

Eleetrode spacing: 


However, the 


eaused flashing after 140 welds and re- 


above welding conditions 


sulted in undesirably short electrode 
as-received 
stock. It was therefore evident that 
further eva 
was required to determine the 


life when employed with 
tation of welding conditions 
optimum 
welding onditions to ng electrode 
life for as-received kled-and-oiled 
stock 

It is generall 
at the « 


spot welding if optimum 


recognized that flashing 
ectrodes will not occur during 
procedures are 
production the 
maintenance of optimum 


used However, in 
procedures 
often must be compromised and flashing 
at the electrodes is frequently 

tered. Although the effect of flashing on 
the consistency of welds has been the 


encoun- 


subject of considerable controversy, 
comparative data are not available. 
Another complication arising in com- 
mercial production stems from the com- 
plexity of shapes encountered in com- 
mercial joining operations. In cases 
where considerable misalignment be- 
tween the electrode and the work is un- 
avoidable, practice dictates the use of 
electrodes dressed to a small, continu- 
ous-radius dome. An electrode geome- 
try frequently employed in automotive 
production involves a °/j,-in. radius 


dome. With a dome of such small radius, 
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flashing at the electrode-work interface 
usually results when sufficient welding 
current is used to produce the desired 
weld diameter in 0.036-in. auto-body 


steel. 


Object 

The present investigation had two 
major objectives: 

1. To determine the optimum weld- 
ing conditions for welding as-received, 
pickled - and - lightly - oiled auto - body 
stock. 

2. To compare the consistency of 
welds made under conditions which 
produced flashing at the electrode-work 
interface with the consistency of welds 
made under conditions producing no 
flashing at the electrodes. 


Material 

Cold-rolled, rimmed steel supplied in 
the pl ‘kled-and-lightly-oiled condition 
was employed throughout this investi- 
gation. Three lots of steel were used of 
thickness 0.036, 0.038 and 0.039 in.; 
the chemical analyses of the 0.036- and 
0.039-in. materials are given in Table 1, 
is are the mechanical properties of the 
three thicknesses 


Table 1—Chemical Analyses and Me- 
chanical Properties of Material Used 


Chemical analyses, % 


0 .036-in 0.039-in 


Element, ©; material material 
Carbon 0.055 0.065 
Manganese 0.33 0.29 
Silicon 0.01 
Phosphorus 0.010 0 OOS 
Sulfur 0.035 0 
Copper 0.09 
Nickel 0.05 
Chromium 0.01 
Molvbdenum 0.01 


Vechanical Properties 
Stock thickness, in. 
0.036 0.038 0.039 


Tensile 

strength, psi 47,800 44,800 47,600 
Yield strength 

0.2% , psi 37,200 30,900 34,800 
Elongation 

in 21n 36.2 39.5 38.0 
Surface contact 


resistance 700-1500 microhms 


Since all lots were received from the 
producer in the pickled-and-lightly- 
oiled condition, this is hereafter referred 
to as the as-received condition. 


Equipment 

The series spot-welding equipment 
was assembled during a previous investi- 
gation.! Briefly, the foree on each of 
the two electrodes was provided by a 
hydraulic cylinder, the two cylinders 
being connected to a common manifold 
to insure that each received the same 
hydraulic pressure. Oil was supplied to 
the equalizing manifold from an air- 
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PRESSURE 
VALVE = 3-WAY VALVE 
COMPRESSED 
AIR SUPPLY 
PRESSURE AIR INTAKE AIR 
REDUCING VALVE DOWNSTROKE CYLINDER 
6-IN. BORE 
5-IN. STROKE 
3-WAY VALVE 
AIR INTAKE 
OIL 
RESERVOIR 
HYDRAULIC 
PRESSURE SWITCH 
AIR BLEEDER PRESSURE // 
GAUGE HYDRAULIC 
| WELDER FRAME | CYLINDER 
2-IN. BORE 
HYDRAULIC MANIFOLD 3- 
CYLINDER 
HOLDER 
ELECTRODE 
2" 2" 7” 5" 
DIA., SHANK = DIA 
ELECTRODE 6 , 
WITH #2 MORSE TAPER 
x COPPER BAR 
WELDER FRAME 125" 125 X 2.5X 10 


Fig. 1 Schematic of series-welding equipment 


hydraulic booster and the oil pressure 
was controlled by regulation of the air 
pressure applied to the air-hydraulic 
booster. 

Welding current was obtained from a 
50-kva Hypersil transformer with 8 
taps providing a range of secondary 
voltages of 4.58 to 6.88 volts when 
energized with a primary voltage of 440 
volts. The transformer employed had 
two identical secondary windings, but 
only one secondary was used throughout 
the present investigation. 

RWMA Class 2 or Class 3 electrodes 
were used in conjunction with a copper 
backing bar with removable stools, and 
one side of the secondary winding wes 
connected to each electrode. The de- 
tails of the hydraulic circuit and the 
electrode configuration may be seen by 
inspection of Fig. 1. 

The electrodes were internally cooled 
with water at 65 to 75° F with a flow 
rate of 1 to 1'/. gpm. No difference 
between inlet and outlet water tempera- 
ture was noted with the welding pro- 
cedures utilized in this investigation. 

The primary of the welding trans- 
former was energized from a 350-kva 
single-phase generator, driven by a 125- 
hp synehronous motor, operating from a 
4160-volt, 3-phase, 60-cycle line. The 
primary welding voltage thus supplied 
was adjustable over a range from 250 to 
550 volts. The weld time was con- 
trolled by a synchronous electronic weld 
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timer, and the initiation of welding 
current flow was adjusted to provide a 
current wave form as nearly sinusoidal 
as possible (100% heat). 

The welding current, /, was measured 
using an ampere-squared-second (/*f) 
meter, supplied from a current trans- 
former connected in the primary circuit 
of the welding transformer. The weld- 
ing time, t, was recorded with a direct- 
inking oscillograph connected to a cur- 
rent transformer in the welder primary 
circuit. 

Changes in electrode contour during 


Fig. 2. Photograph of profilometer 
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D RESTRICTED welding were measured with a pro- 
DIAMETER filometer, the constructional details of 
which may be seen by reference to Fig. 

2. Briefly, the electrode under study 

was mounted ve 


tically on a compound 
micrometer stage with 0.001-in. calibra- 


A tions. A dial indicator with 0.0001-in. 
2 calibrations, mounted on a steel frame 
| above the micrometer stage, was 
| equipped with a needle point and was 

ad +} rtical heig 
| employed to read the verti il height of 
| | the electrode surface. The heights of 
the electrodes at 0.001-in. increments 
along two mutually perpendicular di- 
ameters were read and recorded in order 
=, to describe the electrode contour. In 


D 


this manner, the change in electrode 


eontour produced by a given number ol 


I 


geometries used in this investigation are 
" sho 1 Fig. 3 
I. STANDARD POINTED TIP (A= TAPER-0.625",8: +, m Fig. 5. 
Procedure 


CONTINUOUS RADIUS TIPS (R= %,! . ,2 AND 3") Determination of Optimum Welding 

RESTRICTED DIAMETER WITH RADIUS DOME TIPS Conditions 

(org zr WITH R=6" AND Dey WITH FLAT In order to establish the optimum 

ELECTRODE FACE) conditions for series spot welding as 
received auto-body stock, each tentative 

Fig. 3 Details of electrode geometries investigated combination of welding conditions was 

employed in an electrode-life test 


HH 


Table 2 summarizes the seventeen com- 


binations of welding conditions studied 
in determining the optimum welding 


Table 2—Summary of the Welding Conditions Studied 


conditions each ombination being 


Material: 0.036- to 0.039-in., cold-rolled identified by means of a Life-Test”’ 
rimmed steel, as-received (pickled number. It should be noted that the 
and lightly oiled following variables were maintained 

di @ 

We Iding time: 12 evel constant 

Weld spacing: 2 in. (center to center 

Backing conditions: Copper backing with Class 2 stools Welding time, 12 les 

! ; Weld spacing, 2-in. (center to center) 
Life Elect Electrode geometry = Electrode Backing conditions, copper backing 
test class Restricted Radius of force, ¢] ‘ =" 
no. RWMA diam, nm. don €, in lb eldina ( errent, amp WItN SUOOIS 
l 2 6 380 11,000 Once a tentative combination of elec- 
2 2 6 500 11,000 trode geometry and electrode force was 
3 2 6 600 11,000 decided upon, a strength-current curve 
f 2 6 600 12,500 was determined 4 value of welding 
ow 12, 000 current capable of providing adequate 
6 2 600 3.500 
A weld strength was then selected from the 
2 ‘ Flat face 600 13,500 
2 face* 600 14.000 strength-current curve and employed in 
2 Continuous 650 13,200, 16,100 after 200 welds an electrode-lift stud) Phroughout 
radius each electrode-life study, test specimens 
10 2 Continuous AT 500 13,300, 16,500T after 1100 were prepared as indicated in Fig. 4 
radius welds after each 100 welds, and the tensile- 
1] 2 Continuous 5/16 350 16,000, 16,5007 after 900 welds shear strength was measured When- 
radius ever a loss in strength of more than 10% 
12 2 Continuou 1.5 700 15,000 was observed, a new strength-current 
radius 
curve was determined and a new value 
13 2 Continuous 3 700 15,000 : 
: of welding current was selected to pro- 
radius 
14 2 Continuous 2 700 15.000 vide ack quate We ld trengt! for the 
radius balance of the life test 
15 2 Continuous 2 700 16,000 In order to define acceptability during 
radius a 2000-weld life test, the following cri- 
16 2 Continuous 2 600 15,000 teria were adopted 
" radius 1. The tensile-shear strength must 
li 3 Continuous 2 700 16,000 , 


i exceed 1000 lb for a single weld 
us ‘ 

— 2. The weld strength must not de- 
crease by more than 10% 


3. The weld diameter must exceed 


* This electrode had the standard pointed electrode geometry shown in Fig. 3-I whereas 
ill electrodes with a restricted diameter were of the truncated 30-deg cone type shown in 


Fig. 3-11] 0.18 in., the minimum value specified by 
+ T j j imi 7.19229 ? ateris 
+ The maximum available current was limited to 16,500 amp by the transformer and MIL-W-12332 (ORD) for this material. 

secondary-circuit design. 1. Welds must be porosity-free. 
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Fig. 4 Tensile-shear test specimen 


5. Excessive flashing at the elec- 
trode-to-work interface must not occur. 

6. The surface appearance of the 
work must remain satisfactory. 

Whenever one or more of the above 
criteria were no longer satisfied during a 
particular life test, the test was dis- 
continued, and a new combination of 
welding variables was selected for 
study. Although quantitative evalu- 
ation of the magnitude of flashing is 
impossible, qualitative standards were 
based upon the experience of the opera- 
tor. In general, whenever the flashing 
increased markedly as additional welds 
were made | rofilometer measurements 
indicated that the electrodes were under- 
going damage and the life test was dis- 
continued 

The weld diameter was measured by 
two methods 

| Vetallographic Method: The weld 
specimen was sectioned through the 


centerline of the fusion zone and the 
diameter measured using a microscope 
with a filar eyepiece. 

2. Chisel-Fracture Test: The weld 
specimen was fractured by driving a cold- 
chisel between the sheets and the mini- 
mum diameter of the weld measured at 
the fracture. 

When the fusion zone of the weld is 
regularly shaped, the values of weld 
diameter measured by the two methods 
agree reasonably well. However, when 
the fusion zone is irregular in shape, the 
value of the weld diameter is usually 
smaller when measured by the chisel- 
fracture test, since the minimum di- 
ameter is reported in this method. 
Weld- Consistency Studies 

Table 3 lists the conditions employed 
in a series of consistency studies. All 
welds were made in 0.038-in. as-received 
auto-body stock, using a weld time of 12 
cycles, the other variables being as listed 
in Table 3. The freshly machined elec- 
trodes were “‘conditioned”’ in each case 
by making 50 welds prior to preparing 
the samples for consistency tests. 

Since flashing at the electrode-to- 
work interface usually began after 60 
welds with the */3-in. restricted di- 
ameters, 6-in. radius domed electrodes, 
and since the 50-weld “conditioning” 
practice was used throughout, no more 
than 10 welds could be obtained with 
this geometry without flashing. There- 
fore, 10 welds were taken as a standard 
sample in all consistency studies involv- 
ing this electrode geometry. Flashing at 
the electrode-to-work interface always 
occurred after 200 welds with the 7/,:-in. 
restricted diam, 6-in. radius electrodes, 
and, therefore, weld numbers 201-210 
were taken as representative of welds 
made with flashing for this electrode 
geometry. 

At the request of the advisory com- 
mittee, a consistency study was _ per- 
formed involving welds made with °/j¢- 


Table 3—Conditions Used in Weld-Consistency Studies 


Material: 


0.038-in. cold-rolled, rimmed steel, 


as-received (pickled and lightly 
oiled ) 


Welding time: 
W eld spacing: 
Electrode material: 
Backing conditions: 
Cooling water flow: 
~Electrode geometry 
Restricted 


Consistency 


test no diam, in dome, in. 
6 
2 6 
3 Continuous 5/16 
radius 
} Continuous 2 
radius 


Radius of 


12 cycles 

2 in. (center to center) 

RW MA Class 2 

Copper backing with Class 2 stools 
1'/, gpm, 65 to 75° F. 


Electrode Welding Condition at 
force, current, electrode-work 
lb amp interface 
400 10,770 No flashing* 
400 10,770 Flashing t 
500 16,200 Flashing 
650 13,900 No flashing 


* No flashing occurred with the first 10 welds after the electrode-conditioning treat- 
ment of 50 welds. Therefore, welds 51-60 were used as “no-flashing’’ samples. 


t After 200 welds, considerable flashing occurred regularly. 


were used as ‘‘flashing”’ samples. 


244-s 


Nippes, et al.—Electrode-Tip Life 


Therefore, welds 201-210 


and 2-in. continucus-radius domed elec- 
trodes (Studies’ Nos. 3 and 4, Table 3). 
It should be noted that welds made with 
2-in. radius domed electrodes (Consist- 
ency Test No. 4, Table 3) were made 
with less than the optimum current. 
Rather, the current was adjusted to 
provide an average weld diameter of as 
near the 0.18 in. min diam as possible 
with both electrode geometries. 

With each electrode geometry, 50 
welds were made with each set of freshly 
machined electrodes in order to “‘condi- 
tion’ the electrode surfaces before the 
test specimens were prepared. The 2-in. 
continuous-radius electrode exhibited no 
flashing during welding, while the °/\,-in. 
continuous-radius electrode produced 
heavy flashing at the electrode-to-work 
interface. Therefore, this comparison 
may also be considered to be one of the 
effects of “‘flashing”’ vs. ‘‘no-flashing.”’ 

Normal-tension specimens were pre- 
pared and tested as shown in Fig. 5. 


Results 

In the interest of brevity, only the 
more significant welding variables have 
been mentioned in the following discus- 
sion of the results of the seventeen life 
tests. The welding variables have been 
tabulated previously in Table 2, how- 
ever, and the reader may wish to refer 
to this table for a complete description 
of the welding variables employed. 


Determination of Optimum Welding 
Conditions 

Since satisfactory welding conditions 
for degreased-and-pickled auto-body 
stock had been previously determined,! 
these conditions were chosen as a start- 
ing point for the present study. Elec- 
trode Life Test No. 1 was made with 
as-received stock using the conditions 
previously determined for the degreased- 
and-pickled stock. However, flashing at 
the electrode-work interface began after 


140 welds and became so severe after 
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8. METHOD OF TESTING 


Fig. 5 Normal-tension test 
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MATERIAL - 0.036" AUTO-BODY STEEL 
ELECTRODE DIAMETER- -6"R.DOME-CLASS 2 
ELECTRODE FORCE - 380 LBS 
WELDING CURRENT-1!!,000 AMPS 


T T T T 


400 welds that the test had to be dis- 
continued. 

In an attempt to reduce the flashing, 
the electrode force was first increased to 
500 Ib (Life Test No. 2, Table 2) but 
this test had to be discontinued after 
640 welds because of excessive flashing. 
The electrode force was then further 
increased to 600 Ib (Life Test No. 3, 
Table 2), but, although the flashing was 
noticeably reduced, shear failures were 
prevalent after the first 900 welds, indi- 
cating the current of 11,000 amp to be 
inadequate with the 600-lb electrode 
force. 

After the determination of a strength- 
current curve for the 600-lb electrode 


ORIGINAL CONTOUR 

——— AFTER 400 WELDS | | | } 4 
—-— AFTER 400 WELDS BUT MEASURED 
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VERTICAL DISTANCE ( TEN THOUSANDTHS IN) 


80 - - —~ 

force, a welding current of 12,500 amp 
was selected and Life Test No. 4 (Table 
2) was initiated. With the increased 40 BO 160200 340280320 3604007440 
current, considerable flashing was ob- HORIZONTAL DISTANCE ( THOUSANDTHS IN ) 
served throughout the life test, and 
“mushrooming” of the welding elec- Fig. 6 Change in electrode profile resulting from life study 
trodes became serious enough to pro- 
mote occasional shear failures after 1200 , 
welds had been completed. MATERIAL ~ 0.038 AUTO-BODY STEEL 

In view of the “mushrooming” of the ELECTRODE - 2 CONTINUOUS RADIUS - CLASS 2 
electrode faces noted above, Life Test ELECTRODE FORCE-650 LBS 
No. 5 (Table 2) was conducted using - 
the same welding conditions except for Ww 
the substitution of the harder RWMA 5. oz0b 
Class 3 electrode material for the a 
RW MA Class 2 material employed in all Shs 

previous tests. Although the flashing r2i~ 0.10 
at the electrodes was noticeably reduced oo 
by this measure, occasional shear failures a 
again were observed after 1600 welds Oo 
had been completed. 

Since it appeared that the current 
density in the 7/s-in. reduced-diameter 
electrode might be excessive with the ex 0.20 
600-lb electrode force, it was next de- | ae 
cided to explore the use of electrodes with Ez 
a '/, in. restricted diameter. Life Test gd O0.10F 
No. 6 (Table 2) was therefore conducted aq 
using a 600-lb electrode force and 
RWMA Class 2 electrodes with a 6-in. ° 
radius dome on a */, in. restricted di- 12 . = 
ameter. A welding current of 13,500 5 i 
amp was selected as satisfactory with 
the aid of a strength-current curve but 
occasional shear failures were obtained woo 
throughout the life study. + a 

It was noted from profilometer meas- A”! 1000 
urements of the electrodes after use (see 
Fig. 6, representing a ty pical plot of the THE macnn 
electrode contour before and after a life “900 , © AND CONDITIONED 
test) that the electrode contour tended 
to approach that of a flat surface with a 
use. As a result of the above observa- 700 


tion, Life Test No. 7 (Table 2) was con- 
ducted with the same conditions em- 
ployed in Life Test No. 6 except that 
the electrodes were machined with flat 
faces on the restricted diameters. The 
resulting welds inconsistent 


WELDING CURRENT (AMPERES) 
Fig. 7 Strength-weld diameter-current characteristic curves 
showed 


3-I, with a flat-faced */, in. restricted summarized above being, in general, un- 


strength values, due, in part, to the 
erratic alignment between the flat elec- 
trode surfaces and the work. An addi- 
tional life test (Life Test No. 8, Table 2) 
was undertaken, however, using stand- 
ard pointed electrodes, as shown in Fig. 
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diameter. The current during this test 
was selected with the aid of a strength- 
current curve as 14,000 amp, but both 
excessive flashing and inconsistent weld 
strengths resulted. 

The results of the first eight life tests 
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satisfactory, it was decided to explore 
the use of electrodes with continuous 
radius domes. Since the automotive 
industry often employs a °/s-in. diam 
electrode machined t prov ide a hemi- 
spherical tip sin. continuous radius 
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dome), this geometry was chosen as a 
starting point. 

Life Test No. 9 (Table 2) was con- 
ducted with RWMA Class 2 electrodes 
with a °/\.-in. continuous radius dome 
using an electrode force of 650 Ib. A 
strength-current curve was run, and a 
welding current of 13,200 amp was 
chosen as providing satisfactory weld 
strength and weld diameter. After 200 
welds, however, the weld strength and 
weld diameter dropped below the ac- 
ceptable limits and a new  strength- 
current curve had to be run. The re- 
sults indicated that the current should 
be increased to 16,100 amp in order to 
restore the desired weld strength. After 
a total of 1250 welds, however, the test 
had to be discontinued since the weld 
diameter had decreased to 0.12 in., 
well below the acceptable 0.18-in. value. 

Figure 7 shows typical strength-cur- 
rent curves taken with freshly machined 
electrodes, after 200 welds and after 
1200 welds, together with data on weld 
diameter as a function of weld current 
after the same intervals. The large 
variations in weld characteristics are 
significant indications of the rapid de- 
terioration of the in. continuous 
radius domed electrode. 

Since the electrodes used in Life Test 
No. 9 above showed excessive distortion, 
Life Test No. 10 (Table 2) was initiated 
with an electrode force of 500 Ib and a 
current, as determined from a new 
strength-current curve, of 13,300 amp. 
After 1100 welds, the weld diameter had 
again decreased to below the acceptable 
value and the current had to be in- 
creased to the maximum attainable 
value of 16,500 amp for the balance of 
the life test Although the strength 
remained acceptable for the balance of 
a 2400-weld life test, the weld diameter 
fell off sharply to below the acceptable 
value after 2200 welds and occasional 


shear fractures were observed in the 
tensile shear tests. Profilometer meas- 
urements were taken, indicating that 
the electrode surface was undergoing 
excessive deformation even at 500-lb 
electrode force. 

The electrode force was then reduced 
to 350 lb and Life Test No. 11 (Table 2) 
was initiated with a current of 16,000 
amp. After 900 welds, the weld current 
was increased to 16,500 amp, the maxi- 
mum available. Although some stick- 
ing oecurred at the electrode-to-work 
interface for the first 400 welds, and 
considerable flashing occurred through- 
out the life test, the weld strength and 
weld diameter remained at acceptable 
levels for 2400 welds. The shape of the 
fusion zone was irregular, however, and 
varied throughout the test as the elec- 
trode contour deteriorated. In addition, 
considerable porosity was found in the 
welds. 

The results of the above tests with 
continuous radius domed elec- 
trodes indicated the desirability of in- 
creasing the radius of curvature of the 
electrode face. Therefore, Life Test No. 
12 was conducted using RWMA Class 
2 electrodes with a 1.5-in. radius dome 
and a 700-lb electrode force. The weld- 
ing current of 15,000 amp was deter- 
mined with the aid of a strength-current 
curve. The weld diameter decreased to 
below the acceptable 0.18-in. value, 
however, and the occasional shear 
failures occurred after the first 350 
welds. In addition, some flashing was 
observed and it was therefore decided 
to investigate continuous radius domed 
electrodes with somewhat greater radii. 
A 3-in. continuous radius dome proved 
unsatisfactory (Life Test No. 13, Table 
2) because the electrode face deterio- 
rated to the extent that a ‘‘double-spot”’ 
weld was produced after 1500 welds. 

A 2-in. continuous radius domed elec- 


MATERIAL - 0.036" AUTO BODY STEEL 
ELECTRODE- 2” CONTINUOUS RADIUS- CLASS 2 
ELECTRODE FORCE-650 LBS. 


= 1500 40.25 
2 
'400 = 
3 
i300}- $ 
2 
3 “ TYPE OF TEST = 
a / ——© WELD DIAMETER 
y 1100 —~~~e WELD DIAMETER 
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WELDING CURRENT (AMPERES) 


Fig. 8 Strength-weld diameter-current correlation curves 
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trode proved to be the most satisfactory 
compromise. Life Test Nos. 14, 15, 16 
and 17 were all conducted with this 
electrode geometry, and all proved 
acceptable despite the fact that the 
electrode force was varied from 600 to 
700 Ib, and the welding current was 
varied from 15,000 to 16,000 amp. The 
tensile shear strengths averaged 1400 
100 lb and no shear failures were encoun- 
tered. The weld diameters averaged 
0.21 in., well above the 0.18-in. value 
taken as the minimum acceptable di- 
ameter according to MIL-W-12332 
(ORD) specifications. Furthermore, no 
appreciable flashing occurred at any 
point in the three life tests performed 
with the 2-in. continuous radius domed 
RWMA Class 2 electrodes, but some 
flashing was observed with the harder 
RWMA Class 3 electrodes (Life Test 
No. 17, Table 2). No porosity was 
found in thé welds sectioned for metal- 
lographic examination when 2-in. con- 
tinuous radius domed electrodes were 
used. 

As a result of the above electrode life 
studies, the optimum series spot-weld- 
ing conditions for as-received, pickled- 
and-lightly-oiled auto-body stock, 0.036 
to 0.039 in. thick, are as follows: 


Electrode material: RWMA Class 2 

Electrode geometry: 2-in. radius continu- 
ous dome on °/s-in 
diam electrodes 

Electrode force: 650 Ib (600 to 700 Ib 

Welding time: 12 cycles 

Welding current: 15,000 to 16,000 amp 

Weld spacing: 2 in. (center to cen- 
ter) 


Figure 8 shows both weld strength 
and weld diameter as a function of weld 
current for the above conditions. The 
upper curves are weld diameter as 
measured by metallographic (open 
circle) and chisel-fracture tests (solid 


MATERIAL -0.039" AUTO-BODY STEEL 
ELECTRODE - 2" CONTINUOUS RADIUS 


TOOLBS. WELDING CURRENT~ 16,000 
3 ELECTRODE MATERIAL 


+ + 4 + 


PLUG FAILURE ONLY 
CTROOE FORCE - TOO. BS. WELDING GURRENT~'6, 000 AMPS. 
GLASS 2 ELECTRODE MATERIAL 


§ 
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PLUG FAILURE ONLY 


FORCE 


WELDING CURRENT 15,000 
GLASS 2 ELECTRODE maTERiaL 


AVERAGE SINGLE SPOT SHEAR STRENGTH (LBS) 


§ 
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Fig. 9 Variation in weld strength 
during electrode-life study 
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circle), The lower curve is the tensile- 
shear strength of a single weld as a func- 


Table 4—Comparison of Welds Made With and Without Flashing 


tion of welding current. Material: O0O8-is. cold-rolled. rimmed steel 
Figure 9 summarizes the variation in as-received (pickled and lightly 

weld strength during 2000-weld life oiled) 

tests for three combinations of welding Electrode geometry: 7/s:-in. restricted diameter with 6-in 

conditions in the range of the optimum radius dome 

conditions. The upper curve was ob- Kleetrode material: RWMA Class 2 


tained using RWMA Class 3 electrode Electrode force: 100 Ib 


material, the lower two curves with 
RWMA Class 2 material at electrode 
16 ‘vel Weld spacing: 2 in. (center to center 
forces of 700 ant 600 )» respectively. No of specimens: Oat each condition 
It is to be noted that the single-spot a Welds made 
tensile-shear specimens fractured with a without flashing with flashing 


plug (ductile-tear) failure throughout 


the life tests. Tensile-shear strength 


Range of 10 values, lb 1040-1150 920-1050 
Weld-Consistency Studies Rms value, lb 1089 993 
Standard deviation, o, |b 20.5 37.8 
Although it was difficult to avoid o/rms ratio, % 2 75 2 gt 
flashing with the 7/,-in. restricted di- Normal-tension strength: 
ameter electrode with a dome, 10 welds tange of 10 values, Ib 380-610 180-270 
were obtained by selecting welds num- ims value, Ib 133 221 
ber 51—60 of a series. The weld-strength Standard deviation, o, lb 67.1 28.3 
o/rms ratio, 18.3 12.8 


and weld-diameter data for these welds 


are tabulated in Table 4 in the column Weld diameter (chisel-fracture method): 


headed, “Welds Made Without Flash- Range of 10 values, in 0.13-0.14 0.06-0. 14 
ay Rms value, in 0.142 0.098 
ing. : Standard deviation, o, in 0.008 0.027 

By the time 200 welds had been made «/rms ratio, % 5 45 97 4 
with a set of electrodes of this geometry, Weld diameter (metallographic method): 
the flashing at the electrodes became Range of values, in 0.18-0.21 0.15-0.21 
excessive, and welds 201-210 were taken {ms value, in. 0.20 0.18 
as representative of this condition. Standard deviation, ¢, in 0.009 0.019 
The results of tests of these welds having o/rms ratio, % 1.3 11.0 
excessive flashing are tabulated in Ductility ratio 0.364 0.277 
Table 4 under the heading, ‘Welds 
Made with Flashing.” 

The data in Table 4 (taken from Con- 
sistency Studies 1 and 2, Table 3) have 
been arranged to show the range of 
values measured; the standard devi- Table 5—Comparison of Welds Made With °/,.-and 2-In. Continuous Radius 
ation (c); and the ratio of the standard Domed Electrodes 
deviation to the rms value, expressed in 
percent. It may be seen by inspection Material: 0.038-in. cold-rolled, rimmed steel 
of Table 4 that, except for the normal- ne (pickled and lightly 

tension strength, the standard deviation Electrode material: RWMA Class 2 
is less for the welds made without flash- Welding time: i eatine 
ing. | Phe normal-tension — strength Weld spacing: Ste 
values exhibit a higher standard devi- No. of specimens: 20 at each condition 
ation for the welds made without flash- 2-in. continuous in. continuous 
ing as a result of the irregular tearing of radius electrode, radius electrode, 
the parent sheet produced by the higher 650-lb force, 500-Ib force, 
strength welds obtained when no flash- 13,900 amp 16,200 amp 
ing occurred.) The ratio of the standard Tensile-shear strength: 
deviation to the rms value for weld Range of 20 values, Ib 1120-1310 1030-1210 
diameter as measured by the chisel- ¢ms value, lb 1209 1154 
fracture test is much greater for the Standard deviation, o, lb 45.1 52.0 
welds made with flashing (27.4%) than o/rms ratio, “% 3.74 1.5 
for welds made without flashing Normal-tension strength: 
(5.45%). Range of 20 values, Ib 360-480 200-380 

In general then, the results of Con- Rms value, lb wie 320 

sistency Studies Nos. 1 and 2 (Table 3) iy emcee ey 6 29 12 65 
indicate that welds made without flash- Weld diameter (chisel-fracture method): ¥ nm 
ing at the electrode-work interface are Range of 20 values, in 0.15-0.21 0.14-0.20 
more consistent than welds made with Rms value, in. 0.182 0.184 
flashing. Further examination of Table Standard deviation, o, in. 0.012 0.015 
4 indicates that the weld strengths are a/rms ratio, % 6.18 7.98 
greater, and the weld diameters are Weld diameter (metallographic method): 
larger when no flashing occurs at the tange of 20 values, in 0.21-0. 25 0. 22-0.27 
electrodes. tms value, in. 0.23 0.2 

Table 5 summarizes the results of Standard deviation, o, in. 0 O11 0 O14 

Consistency Studies 3 and 4, Table 3. Ductility ratio 0 398 0 223 


The data shown in the right-hand 
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column were obtained from a 20-weld 
sample made using °/\.-in. continuous 
radius domed electrodes with an elec- 
trode force of 500 lb, and a welding 
current of 16,200 amp. The data shown 
in the left-hand column were obtained 
from a 20-weld sample made using 2-in. 
continuous radius domed electrodes 
with an electrode force of 650 Ib and a 
welding current of 13,900 amp. The 
current value of 13,900 amp was de- 
liberately chosen to provide an average 
weld diameter as near as possible to the 
minimum acceptable value of 0.18 in. 

Under the above conditions, the con- 
sistency of the welds made with the 2-in. 
continuous radius domed electrode ap- 
pears only slightly better than that of 
welds made with the 5/,.-in. continuous 
radius domed electrodes (i.e., lower 
values of standard deviation to rms 
values of the properties listed). How- 
ever, inspection of the strength-current 
curve for the 2-in. continuous radius 
domed electrodes (Fig. 7) reveals that 
the choice of 13,900 amp as a welding 
current is well below optimum and it is 
believed that far better consistency 
would result at the optimum current 
value. 

Another factor of interest in evaluat- 
ing spot welds is the so-called ductility 
ratio. This ratio, defined as the ratio 
of the normal-tension strength to the 
tensile-shear strength, is considerably 
greater for welds made without flashing. 
For convenience, these values have been 
listed under the appropriate column at 


the bottom of Tables 4 and 5. Thus, 
the welds made without flashing ex- 
hibited ductility ratios of 0.398 and 
0.364, while those made with flashing 
exhibit ductility ratios of 0.223 and 
0.227. Since high values of ductility 
ratio are normally desired, this is taken 
as further evidence of the desirability of 
avoiding flashing. 

In summary, then, better weld con- 
sistency and superior ductility ratios 
appear to prevail when welding condi- 
tions are chosen to avoid flashing at the 
electrode-to-work interface. 

Summary ond Conclusions 

1. The following welding conditions 
produced the most satisfactory eom- 
bination of weld strength, weld con- 
sistency and electrode life for as- 
received, pickled-and-lightly-oiled, auto- 
body stock of nominal 0.036-in. thick- 
ness: 

Electrode material: RWMA Class 2 

Electrode geometry: 2-in. radius continu- 
ous dome on 5/;- 
in. diam electrodes 

Electrode force: 600-700 Ib 

Welding time: 12 cycles ('/5 sec.) 

Weld current: 15,000-16,000 amp 

Weld spacing: 2-in., center-to-cen- 
ter 

2. With 0.039-in. material (34,800 
psi vield strength, 47,600 psi tensile 
strength), the above conditions pro- 
duced more than 2000 welds having 
tensile-shear strengths of 1400 + 100 
lb, and weld diameters well above the 
0.18 in. as specified in MIL-W-12332 


(ORD) specifications with no appreci- 
able flashing at the electrode-to-work 
interface. 

3. The consistency of strength and 
diameter of welds made under condi- 
tions producing no flashing at the elec- 
trodes was found to be superior to that 
of welds made with conditions producing 
flashing at the electrodes. 

4. The consistency of strength and 
diameter of welds made with a 2-in. 
continuous-radius domed electrode was 
superior to that of welds made with 
5/,-in. continuous-radius domed elec- 
trodes. Even though the current used 
with the 2-in. radius domed electrode 
was reduced to well below optimum in 
order to make the weld diameters com- 
parable, the 2-in. radius dome produced 
more satisfactory results. 
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Radiography 


A new Norelco folder on projection 
microradiography containing photos and 
micrographs which illustrate the new 
instrument and its application, is 
available from the Instruments Division, 
Philips Electronics, Inc., 750 8. Fulton 
Ave., Mount Vernon, N. Y. 

The text explains how the unit 
extends the usefulness of light and 
electron microscope investigations in 
work which involves metallurgy. 

Covered in the folder are these 
subjects: resolution, magnification, field 
of view, image quality, kv range, 
supply stability, lenses, targets, align- 
ment, focusing method, specimen 
chamber and camera. 
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Other topics include: stereographs, 
exposure time, conversion possibilities, 
absorption analysis, meters and controls, 
cooling, grounding, power requirements, 
dimensions and weight. 


Nondestructive Testing 


Symposium on Nondestructive Testing, 
Ste No. 213. 104 pages, 6 by 9 in. 
Hard cover. Price $2.75. Published 
by American Society of Testing Ma- 
terials, 1916 Race St., Philadelphia 3, 
Pa. 

Nondestructive testing as a method of 
materials inspection has increased in 
importance in all fields of engineering. 
This symposium presents the latest and 
most widely used techniques, together 
with their applications in various fields. 

The papers in this symposium were 
presented, Sept. 17 and 18, 1956, during 
the Second Pacific Area National Meet- 
ing of the ASTM, Los Angeles, Calif. 
The symposium was sponsored by 


Research News 


ASTM Committee E-7 on Nondestruc- 
tive Testing. The first session, Septem- 
ber 17th, consisted entirely of reports 
from Committee E-7 and its subcom- 
mittees. Papers of general interest and 
specific industrial application made up 
the last two sessions. 

The cost of testing requiring the de- 
struction of the sample has in many in- 
stances become prohibitive. In certain 
instances, such as large castings, non- 
destructive testing fulfills a need not 
otherwise satisfied. This book adds 
greatly to the fundamental knowledge of 
nondestructive testing and allows the 
reader to consider some interesting ad- 
vanced techniques. 

The contents of the book follow. 

The Activities of ASTM Committee 
E-7 on Nondestructive Testing: ‘“Com- 
mittee E-7—Its Scope and Organiza- 
tion,”’ James H. Bly; “Recommended 
Radiographic Practice—A Report on 


(Continued on page 276-s) 
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BONDING OF CERMET-VALVE COMPONENTS 


TO METALS 


Development of specific techniques for attaching 


cermets of the cemented-carbide type to Inconel by brazing for 


high-temperature service is described by authors 


BY G. M. SLAUGHTER, P. PATRIARCA AND W. D. MANLY 


ABSTRACT. The 


techniques and pro- 
cedures utilized to bond cermet-valve 
components successfully to metals for 


high-temperature fluid service are de- 
scribed. The cermets studied contained 
varying percentages of titanium carbide, 
tungsten carbide, tungsten-titanium com- 
plex carbide and niobium-tantalum-titan- 
ium complex carbide. The binder mate- 
rials were primarily nickel and cobalt 
The results of wetting tests on these 
cermets with different brazing alloys are 
presented, as are photomicrographs of 
many of the most promising cermet-to- 
metal joints 

A procedure for attaching cermets is 
described wherein a nickel or tungsten- 
base alloy cushion is brazed between the 
cermet and Inconel to 
resulting from differential thermal expan- 
sion. A direct high-temperature bonding 
procedure is also discussed in which cer- 
mets of the titanium carbide-nickel type 
are joined to nickel without the use of a 
separately applied brazing alloy. 


al SC rb 


stresses 


Introduction 


The proper suitable ma- 
terials for use in fluid control valves is 
extremely important to the engineer 
faced with the problem of fabricating 
a high-temperature fluid circuit. The 
ultimate in operational reliability is 
frequently a necessity, since only the 
slightest leak of the fluid 
through the valve may be objectionable. 
The success or failure of the complete 
system may ultimately depend on the 
development of a workable valve design 
and the selection of suitable construc- 
tion materials. 

The additional problem of high- 
temperature operation imposes definite 


selection of 


contained 


restrictions on both design and ma- 
terials of construction. Operational 
manipulation, for example, must be 
amenable to the unusual conditions 


The 
materials 
rigidity to 


existing at elevated temperatures. 
valve-stem and 
must possess 


valve-seat 
sufficient 
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their 
must be 


maintain shape during service, 


and immune to serious solid- 
Unconventional fluids 
such as liquid metals, may be utilized, 
thereby requiring the V alve components 


excellent to 


phase bonding. 


to possess resistanc¢ cor- 
rosion., 

At operating 
1000° F, 


to be especially attractive. 


temperatures above 
cermet-valve materials appeat 
Corrosion 


tests plus solid-phase bonding experi- 


ments on a large number of possible 
materials by the General Corrosion 
Group of the Oak Ridge National 


have 
powder 


Laboratory Metallurgy Division 
these 
mixtures to be promising. 

The 


met 


shown metal-ceramic 


successful incorporation of cer- 


components in valve assemblies 
must provide for a method of attaching 
the structural 
material. these 
may be accomplished by several meth- 
ods. In general, they fall under the 
mechanically mounting, 
Although each 
specific and 

the brazing procedure 
the most suitable for the 
particular high-temperature applications 


cermets to a metallic 


Fastening of cermets 


categories of 
cementing or brazing. 
method 


disadvantages, 


has acvantages 


seemed to he 


Inconel* by brazing fe igh-tempera- 
ture servi The primary problems 
encountered in producing a successful 
brazed joint are describ und tech- 


niques which have been shown to be 
suitablk ll the labrication of 


components are discussed 


General Properties of Cemented Carbide 
Cermets and Their Influence Upon Brazing 


A survey of the literature quickly 


revealed that vast number of cemented 
carbide compositions are in ust today. 
Most of these compositions were de- 
veloped for use as arl 1c utting tools. 
The 14 types of cutting t carbides 
most commonly used been given 
standard designations, and thes types, 
together with typical trade names, have 
been summarized.? Other types of cer 
mets for different applications have 
also been veloped over the years, 
and these have been given broad clas- 
sincations in various references 

Slight changes in carbide or metallic 
binder omposition or ratlo may pro- 
duce significant changes in both per- 
formance characteristics and _ braze- 


Th 


cermets investigated in this study, 


chemical compositions of 


ability 
the 


to be encountered. along with their coefficients of thermal 
This report covers the development of expansion, are listed Table 1. It 
specific techniques for attaching cer- . 
mets of the cemented carbide type to 78.5% Ni, 14.0% ¢ i i 
Table 1*—Composition of Cermets 
Therma 
fhic ent oO} 
C'er- pansion 
met Composition, Wt. & x 
No W Ti VA Ta “iY Co \ Vo 0-1200° f 
l 58.3 1.5 0.5 15.0 $5 
2 58.3 7.8 0.5 15.0 IS.7 £5 
3 §2.1 1.5 0.3 13.1 30.0 5.3 
§2.1 1.5 0.3 13.1 25.0 ) 9.3 
68.5 6.7 5.4 6.7 10.75 
6 80.6 0.6 1.4 5.4 11.75 | 
* Compiled from manufacturer’s literature. 
Slaughter, et al—Bonding of Cermet 249-5 
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Fig. 1 Cermet-to-nickel 


specimen 


may be noted that they generally con- 
tain varying titanium 
carbide, and/or tungsten carbide, with 
niobium- and tan- 


percentages of 


minor additions of 
talum-containing complex carbides. 
The binder materials are primarily 
nickel and cobalt. Each cermet 
sesses its own characteristic properties 
for a high-temperature valve material 
a unique attachment 


pos- 


and each poses 
problem. 

The brazing of cemented carbides is 
complicated by the fact that many are 


relatively difficult to wet. The tung- 


Nickel 


Braze Zone 


cermets are prob- 
ably the easiest to wet of the combina- 


sten carbide-metal 
tions listed. The other carbide addi- 
tions appeared to hinder wetting, and 
the cermets containing a high percentage 
of titanium carbide were found to be 
extremely difficult to braze with con- 
ventional procedures. 

Another factor complicating the pro- 
duction of satisfactory brazed joints 
between cermets and conventional struc- 
tural materials is the wide difference in 
coefficients of thermal expansion. The 
coefficient of thermal expansion for a 


Table 2—Results of Bonding Tests 


Brazing 
Braz- tempera- 
ne ture, Cermet No 
alloy Composition, wt F 1 3 7] 6 
\ 91.2Ni—4.5Si —-2.9B -1.4Fe 1920 Fair Fair Fair* Good Good 
B 03. 2050 Fair Fair Fair Good Good 
Cc 73.2Ni— 13.5Cr -— 4.5Si 2150 Fair Fair Good Good Good 
3.5B 1 5Fe 0.8C 
l) 100 Cu 2050 Poor Poor Poor Poor Good 
E S2Au — ISNi 1S30 Poor Poor Poor Fair Good 
F 60Pd — 40Ni 2280 Good Good Good Good Good 
G TONi — 1OSi — 20Cr 2150 Poor Poor Poor Good Good 
9ONi - LOP 1830 Fair Poor Poor Good Good 


H 


* Poor, wetting onlv at contact points. 


on cermet Ciood, 


Nickel 


Fig. 3 Cermet No. 2 joined to nickel by high-temperature 


bonding. Etch, none 


250-s 


continuous filleting 


Slaughter, et al. 


Fair, intermittent filleting 
extensive spreading on cermet 


Bonding of Cermet 


little spreading 


Cermet 


Fig. 2 Cermet No. 2 


. brazed to nickel with 

“Electroless-plated” 

Ba nickel and electroplated 
‘ copper. Etch, none 


typical cermet, No 2 in Table 1, is 
approximately 4.3 in./in./° F, 
while the coefficient for Inconel is 
8.5 10-6 in./in./° F (over 0-1200° F 
range). These differences in the ther- 
mal-expansion coefficient can easily 
create sufficient stresses during cooling 
from the brazing temperature to result 
in fracture of the bond or cermet unless 
special precautions in procedure or 
designs are made. 

The problem of attaching the various 
cermet-valve necessitated 
an investigation of their response to 
wetting by various high-temperature 
brazing alloys. Sample  cermet-to- 
nickel joints were brazed in —S80° F 
dewpoint hydrogen with several con- 
ventional brazing alloys and the degrees 
of bonding are recorded in Table 
A photograph illustrating the degree of 
filleting obtained when Cermet No. 3 is 
brazed to nickel with Alloy B shown in 
Fig. 1. 


components 


It can be seen from Table 2 that all 
of the alloys adequately wet the Cermet 
No. 6, which contains a high percentag: 
of tungsten carbide. Cermet No. 5, 
which contains more of the othe: 
carbide-forming constituents, was wet 
by all but the copper. The cermets 
containing large percentages of titanium 


Fig. 4 Cermet No. 2 joined to nickel by high-temperature 
Etch, chrome regia 


bonding. 
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Fig. 5 Microstructure of fillet formed by high-temperature Fig. 6 Microstructure of fillet formed by high-temperature 
bonding Cermet No. 2 to nickel. Etch, none bonding Cermet No. 2 to nickel. Etch, none 


carbide were adequately wet only by 
the nickel-silicon-boron-iron. the nickel- 


Expe riments on the larger components 


also indicated that the characteristics 


chromium-silicon-boron-iron and the of the brittle nickel-base brazing alloys 
palladium-nickel alloys. sometimes significant minimized the 

The wettability of the nickel-phos- benefits of the nick ishion. The 
phorus alloy on the titanium-carbide unfavorabl expansion — coefficients 
cermets was improved significantly) (Brazing Alloy A—7.6 10~* in.yin./ ° 
when it was preplaced on the cermet as F)® might result in stresses of such a 
an Electroless plate.4° A relatively magnitude as to caus racking in the 


tough joint was obtained by the use of cermet or at the bond. Consequently, 


an electrolytic copper plate over the an attachment procedure was developed 
Electroless plate. Upon brazing, the wherein a_ nic] screen, impregnated 
nickel-phosphorus alloy melts at ap- with the allo \, was wed on the 
proximately 900° C and prewets the laving suriace of Ut! ermet After 
sintered carbide cermet as well as the brazing, the miazjorit of the brazing 
copper overlay. At a higher tempera- alloy was removed by grinding, leaving 
ture the copper melts and dilutes the approximately a 0.0005-in. layer. This 


Fig. 7 Cermet No. 4 joined to nickel 


characteristically brittle Electroless- by high-temperature bonding. Etch prewet cermet was then copper-brazed 


plated alloy, thereby producing a ductil none to the nick Ishior vith the copper 
braze. A photomicrograph of the joint acting both as the major source of filler 
made in this manner is shown in Fig. 2. expansion coefficients between the very metal and as a diluent for the brittle 
This procedure was suitable in most hard cermet and the strong high- nickel-base brazing 0 This tech- 
cases but occasional lack of wetting, temperature alloy, Inconel, often re- nique was used successfu in the con- 
attributable to inconsistencies in th sulted in fracture of the cermet. As a struction of a valve component, but 
plating process, made the development means of cushioning the stresses built the somewhat complicated procedure 
of a more consistent technique highly up in the cermet from this differential led to further studies of simpler bonding 
desirable. expansion, a '/,4-in. thick nickel sand- methods 

Experiments on valve components wich was brazed between the cermet Another procedure was developed 
indicated that conventional high-tem- and the Inconel. Upon slow cooling which has been proved satisfactory for 
perature brazing procedures generally from the brazing temperature, the attaching the titanium carbide-nickel 
were not adequate. As indicated pre- nickel yields sufficiently to absorb a cermet ilve components to their 
viously, the large differences in thermal- major portion of these stresses Inconel housings. This method elimi- 


Nickel 
2 
Fig. 8 Cermet No. 4 joined to nickel by high-temperature Fig. 9 Cermet No. 4 joined to nickel by high-temperature 
bonding. Etch, none bonding. Etch, none 
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High-Temperature Bond 


Nickel 


—_— Copper Braze 
Inconel 


Fig. 10 Composite photograph of 
cermet-to-nickel-to-Inconel joint (Cermet 
No. 2 joined to nickel by high-tempera- 
ture bonding; nickel joined to Inconel 
by copper-brazing). Magnification 
X12. Etch,none. (Reduced by 50% 
upon reproduction) 


nated both the necessity of prewetting 
the cermet and the subsequent copper 
braze to the nickel cushion. The cer- 
met was merely placed in intimate con- 
tact with the nickel and heated to a 
very high temperature (approximately 
1350° C) in an inert atmosphere. A 
liquid phase forms at this temperature 
from the alloving between the two 
materials, which on cooling, results in 
a relatively tough, ductile joint. The 
minimum temperatures for consistent 
bonding for the three cermet composi- 


tions of greatest interest in this group 


are listed in Table 3 


Table 3-—Minimum Temperature for 
Consistent Direct Bonding of Cermet- 
Valve Components 


Bonding 


te mpera- 


(lermet B nder. ture, 
Vo 
2 20 Ni 1350 
Ni 1335 
} 25Ni—5Mo 1340 


The microstructure of the bond 
formed between Cermet No. 2 and 
nickel is shown in Fig. 3 at * 100 in the 
as-polished condition. The same 
sample is shown in Fig. 4 after a light 
chemical etch. A photomicrograph of 
the structure of the fillet formed be- 
tween the cermet and nickel during 
bonding is shown in Fig. 5. Small 
particles of carbides and graphite are 
dispersed in a nickel-rich matrix. An 
area with an unusually high concentra- 
tion of graphite is shown in Fig. 6. 

A structure of similar appearance is 
formed from the interaction between 
the Cermet No. 4 (nickel-molybdenum 
binder) and the nickel. A_ photo- 
macrograph of the fillet formed is shown 


252-s 


in Fig. 7. The bonds at X 100 and 
x 500, respectively, are shown in Figs. 
Sand 9. 

The metallographic examination of 
the bond indicates the formation of a 
eutectic structure. The presence of 
several eutectics in the titanium car- 
bide-nickel system has been reported 
and a phase diagram was presented.’ 

A photomacrograph of a composite 
sandwich-type braze is shown in Fig. 10. 
A Cermet No. 2 sample has been high- 
temperature bonded to nickel, and the 
resultant subassembly copper brazed 
to Inconel. If service in liquid NaK 
or sodium is to be encountered, the 
poor corrosion resistance of the copper- 
braze would be undesirable. In_ this 
event, alloys of the nickel-silicon- 
boron-iron or nickel-chromium-silicon- 
boron-iron types might be utilized for 
the nickel-to-Inconel joint. 


Fig. 11 Photo- 
graph illustrating 


extensive and 
nonuniform “‘set- 
tling” resulting 


from an excessive 
bonding tempera- 
ture 


Component Fabrication 

At the high temperatures required 
for bonding, the cermets lose strength 
to such an extent that occasionally 
significant distortion or warpage of the 
cermet body is observed. Accelerated 
alloying may also result from only a 
slight excess in bonding temperature. 
This condition is shown in Fig. 11 in 
which extensive and nonuniform ‘‘set- 
tling’’ of a small test sample was ob- 
tained upon heating at 1370° C for 
10 min. 

Accordingly, a specialized procedure 
was developed to permit detection of 
the initiation of liquid formation. The 
optimum temperatures listed in Table 3 
were found to vary slightly with dif- 
ferent components of the same general 
composition. This observation can 
probably be related to variations in the 
compacting and sintering procedure in 


STEP 1 


Cermet valve disk Nickel transition layer with 
machined observation ports 


Completed cermet-to-nickel 
subassembly 


Fig. 12 Assembly procedure for attaching cermet to nickel cushion 


STEP 2 


Cermet-to-nickel 
subassembly 


Copper brazing shim 


Completed valve-disk as- 
sembly 


Inconel shank 


Fig. 13 Assembly procedure for attaching cermet subassembly to Inconel shank 
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STEP 1} latter figure was copper-brazed to the 
Ineone | shank by conve ntional dry- 
hydrogen techniques. Cooling rates 
of approximately 400° C/hr were used 
to prevent cracking. The stages used 
Boiihe:, in the fabrication of the valve seats are 

shown in Figs. 14 and 14 
Attempts to bond the titanium ear- 
bi l¢ -cobalt cermets fo nie kel by the 
direct contact method described pre- 
viously were unsuccessft No signifi- 
cant bonding was attained, even at 

temperatures up to LOO” 

Cermet-valve seat Nickel transition layer with Completed cermet-to- 
machined observation ports nickel subassembly A onsequently, the use of conventiona 
high-temperature brazing procedures 
Fig. 14 Assembly procedure for attaching cermet to nickel cushion was necessitated. The wetting tests 
reported in Tablk 2 indicated that the 
Step 2 60Pd 40Ni alloy, melting at approxi- 
mately 1240° (¢ onsistent exhibited 
eo satisfactory flow. Consequently, this 


alloy was utilized in the fabrication of 

assem 

» 2 Cermet No. 1 valv omponents for the 
testing programs at ORNL. 


The use of a nick ishion between 
the cermet and In | not prove to 
‘ 3 be entirely satisfactory for the joining 
4 & of this materia It se times provided 
sufficient restraint t rack the cermet. 
This undesirable condition was remedied 
bv substituting relative tough low- 
expansion tungsten-bas alloy* for the 
nicke This tungsten-copper-nickel 
Copper brazing Inconel housing ons ag valve-seat as- powder-m tallurgy all is reported to 
shim somany have a thermal-expansion coefficient of 
Fig. 15 Assembly procedure for attaching cermet assembly to Inconel housing 1.0 < 10> in./in F as compared to 
8.5 * 10~-* for nickel and 4.5 * 10~* for 
the original manufacture of the cermet these ports are filled and disappear with ; ; 
, Photomicrographs of the bond pro- 
hodies. Therefore. each component the formation of a fillet 
duced b brazing this cermet to the 
was treated as an individual problem. which can also be detected by careful 
. : tungsten-base allio with 60Pd 
Observation ports were machined in observation through dark glasses. Slow ; = 
ire shown 1 gs, lf 
the nickel transition layer to permit a cooling rates were used to minimize 
visual determination of the initiation stresses during cooling. Slight vari- é 
. . . ungsten-titanium on ex Carbides- 
of bonding. This visual observation ations in settling which were observed ee; 1 “ae full 
was found to be an essential addition occasionally were easily compensated | be ; ‘ 
I ini abricated Dy DI ng to the ungsten- 
to the precise contro! and measurement for by a machining operation on the ore op 
; | : ase allov with both the 60P¢ Nj 
of temperatures for the consistent pre- nickel face of the cermet-to-nickel ( 
alloy at and tl! alloy > a 
vention of distortion of the cermets. subassembly. ( rj 
[hese ports are clearly visible as black Exploded views of the two steps 
bio! ot this cermet ipparently ro- 
spots when the assembly in the furnace employed in the fabrication of the valve —— . th 
- ed better wetting tendencies an 
hot-zone is viewed with dark glasses. disks are shown in Figs. 12 and 13. moter : ‘ 
When the liquid phase forms, however, The cermet-to-nickel subassembly in the * ¢ tion—92W — 5N 
| \_ Tungsten-Base Alloy 
be 
‘ 


‘ 


Brare Zone 


| 
Cermet 
Fig. 16 Cermet No. 1 joined to a tungsten-base alloy by Fig. 17 Cermet No. 1 joined to tungsten-base alloy by 
brazing with 60Pd—40Ni. Etch, none brazing with 60Pd—40Ni. Etch, none 
JuNE 1958 Slaughter, et al—Bonding of Cermet 253-s 
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Tungsten-Base Alloy 


Ya 


| 


Tungsten-Base Alloy 


Cermet 

Fig. 18 Cermet No. 5 joined to tungsten-base alloy by Fig. 19 Cermet No. 5 joined to tungsten-base alloy by 
brazing with 60Pd—40 Ni. Etch, none brazing with 60Pd—40Ni. Etch, none 
were noted in those containing higher percentages of tungsten carbide can be They also wish to acknowledge the 
percentages of titanium carbid wet with several high-temperature braz- contribution of C. E. Shubert of the 


Photomicrographs of the 60Pd—4ONi 
brazed joints at X LOO and X 500, 


respectively, are shown in Figs. 18 and 
10 

Cermets of the tungsten carbide- 
cobalt tvpe, sucl No. 6, were easily 
wet by a number of conventional high- 
temperature brazing allovs. Two of 
these which | been used to fabricate 
tual mponents are copper and 
Alloy B. A nickel cushion was again 
ised as a sandwich material between 
the cermet and Inconel 

Photomicrographs at X 100 of copper 
nd Allov B brazed joints, respectively 
ire shown in Figs. 20 and 21. Good 


} 


onding ts evident on both joints 


Conclusions 
As a result of this investigation, the 


owing cone usions ean be made 


1. Cermets containing large per- 
entages of titanium carbide and tung- 
sten carbide with possible minor quan- 


tities of solid solutions of carbides of 


niobium, tantalum and titanium can be 


successfull omed to neonel in the 
construction of high-temperature fluid 
valves or similar applications 

2. The cermets containing large 


Nicke! 


ing alloys. 

3. Of the brazing alloys tested, the 
cermets containing large percentages of 
titanium carbide were adequately wet 
only by the nickel-silicon-boron-iron, 
the nickel-chromium-silicon boron-iron 
and the palladium-nickel alloys. 


$. A high-temperature direct-bond- 
ing procedure has been developed for 
joining titanium carbide-nickel cermets 
to nickel. The cermet is placed in 
intimate contact with the nickel and 
heated to a very high temperature (ap- 
proximately 1350° C) in an inert at- 
mosphere. 

5. The use of a nickel or a low- 
expansion tungsten-base alloy transi 
tion laver between the cermet and the 
Inconel is beneficial in cushioning the 
stresses resulting from differential ther- 
mal expansion. 
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THE ARC WELDING OF WROUGHT 
MAGNESIUM-THORIUM ALLOYS 


Results of evaluation tests on wrought magnesium-base, 
thorium-containing alloys HK31A, HM21XA and HMS1XA, 
indicate that they possess excellent weldability and good, short-time 


high-temperature properties after welding 


BY L. F. LOCKWOOD AND PAUL KLAIN 


presents Introduction Mechanical Properties and 

results of welding evaluation tests on the Sao 

recently develope d, wrought, magnesium- Jecause of their excellent str ngth-to Characteristics of Alloys 

base, thorium-containing allovs, HK31A weight ratio, magnesium alloys ar The new thoriw ontait wrought 

x Me 3.3 Th 0 Zr), finding increasing uses present-day alli f tions at 

( aircraft and missile parts. Until re- 

Mn) and HM31XA extrusions (Mg — 3.0°, ing _ : thes temperatures in the range of 300 to 900 

Th 1.5% Mn cently, their uses had been confined F TI 
These alloys possessed excellent weld- chiefly to room-temperature applica- up to 700° F and good s t time tensile 
ibility and retained high strengths at tions. Now, with the trend to ex- roperties up to SOO « O00° F The 

remely high speeds in aircraft and alls 
strengths of the welds were equal to, or a fa older conve ional a e normally 
closely approached, the strengths ol missiles, the demand 1OF lightweig it usetul for applicati t temper:tures 
the base metals at elevated temperatures materials with high strengths at ele- up to 300 to 400° | The analyses 
rhe creep resistance of the alloys was not vated temperatures has increased mark- and properties of both the old and the 
adversely affected by welding. Postweld 1] T ; 
: ediv. o meet this need, a series of al re listed in Tal 1 

heat treatments did not improve the weld i hew avoys are listed i UDI 

strength to any marked degree. The cor- new magnesium alloys containing up to HK31A sheet and plat iVailable 

rosion rates in 3°; NaCl solution were not 3.5% G thorium in combination with ‘n the -1124 or the + temner. but the 

changed significantly by welding. EZ33A Zn, Zr and Mn in the form of sheet, former is more wide vod. HM21XA 
illovy, (Mg — 2.7Zn — 3.0 RE 0.7Zr) is the ‘late. extrusios nd 

in 4 S § a CAS ngs aS er 
best rod composition all the allovs I ara iS I's temper, 

HM31XA rod may be more advantageous ce veloped. The characteristics and which s a strain-hardened and aged 

in certain applications at temperatures properties of these allovs have been condition Its high temperature prop- 

above 600° F The marked undercutting full vered 

tendencies during welding could be over- luliv covered in a recent article V ca erties and creep strengt ire superior 

come by special techniques, such as pre- Leontis.' Brief reference to their weld- to HK31A above 500-550° | 

heating, grooved backing plates and inert- ing characteristics and prop rties has The short-time tensil roperties of 

gas backing The low level of radio- 

activity of thorium in these alloys is of also appeared in recent literature.: the various sheet al s at different 
minor consideration and is easily controlled This paper will present, in more de- temperatures are sl n in Figs. 1 and 

by proper procedur 

ar pre tail, the wrought-alloy are-welding 2. AZ31B-H24 has the highest room- 
D characteristics and the properties ol temperature and =the owest elevated 

Chemical Co., Midland, Mic} the welds at room and elevated tem- temperature properties HK31A has 

Paper presented at the 1958 AWS Annual Spring ‘ 

Meeting held in St. Louis, Mo., April 14-18 peratures, the highest properties of the thorium- 

ig HKSIA-H24 30 }— ——— HK 
25} 
| 
25 


STRESS, 1000 PSI } 
is} 


(STRESS, 1000 PS | 


0} \ \ 
\ 
~ \ 
° 100 200 300 400 500 600 700 800 86 9:00 100c ° 100 200 300 400 500 600 700 600 900 1000 
TESTING TEMPERATURE, °F TESTING TEMPERATURE, °F 
Fig. 1 Tensile strength of magnesium sheet alloys; Fig. 2 Tensile yield strength of magnesium sheet alloys; 


0.040-0.250-in. sheet 0.040-0.250-in. sheet 
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Table 1— Composition and Properties of Wrought Magnesium Alloys 
ASTM Freezing -70° F tensile properties 
designa- Composition range, range, 1000 psi 
tron Te miper Th Mn Zr Al Zn be F TS TYS CYS E 
Sheet alloys 
HK31A H24 2.54.0 ean 0.45-1.0 1092-1195 38 30 23 8 
HM21XA TS 1.5-2.5 0.35-0. 80 1121-1202 34 25 15 10 
AZ31B H24 0.2 min 2.5-3.5 0.7-1.3 1050-1160 42 32 26 15 
Extrusion alloys 
HMS31XA F 2.5-3.5 1.2 min 1121-1195 42 33 27 10 
AZ31B F 0.2 2.5-3.5 0.7-1.3 1050-1160 38 29 14 15 
ZK60A T5 0.45 min 4.86.2 930-1175 53 44 36 1] 
x AZSO0A F 0.15 min 7.8-9.2 0.2-0.8 910-1130 49 36 32 11 
a containing alloys at temperatures up to bead was used in these tests. All furnace. Temperature, as _ indicated 
aa 500° F, but above 600° F, HM21XA-TS materials were prepared by wire-brush by a thermocouple held at the middle of 
. shows a decided superiority. cleaning both surfaces and the edges the specimen by asbestos tape, was con- 
z The tensile properties of HM31XA prior to welding. trolled to within 2° F of nominal 
a alloy and the three conventional ex- Evaluation of welds consisted of test temperature. The tests were made 
S trusion allovs are shown in Figs. 3 and 4. static tensile tests at room and elevated with the bead left on and with it ma- 
3 The superiority of HM31XA at tem- temperatures, creep properties and chined flush with the sheet surfaces. 
: peratures over 300° F is evident. corrosion characteristics. The tensile , 
The superiority of the thorium- properties were determined on standard Results and Discussion 
containing alloys in resistance to creep 2-in. gage length and '/.-in. reduced- Weldability 
at elevated temperatures is even more section test bars with the weld bead in The weldability or the weld cracking 
pronounced than that of their tensile the middle of the specimen transverse to tendency of the thorium-containing 
: properties, the direction of testing. Tensile yield alloys was determined by the use of the a 
: Procedure strength and percent elongation were testpieces shown in Fig. 5. The \ 
‘ The welding tests were made with the determined over the 2-in. gage length. circular-bead test was used for evalu- 
inert-gas-shielded tungsten-are process, Strain rate for the room and elevated ating sheet, and the triangle test, for : 
using an a-c high frequeney-stabilized temperature static tests was 0.005 1n./- evaluating extrusion alloys. These tests 
source of power and helium shielding in./ mun to the tensile yield strength have given excellent correlation with sho 
gas. No special precautions other than and 0.10 in./in./min to failure. Speci- production experience in the past and Cire 
a suction hood to remove the welding mens tested at elevated temperature have been used as standard tests for av 
fumes were required. No special pro- were heated to the test temperature in the preliminary evaluation of all ex- | wel 
: tection of the underside of the weld approximately 45 min using a tubular perimental magnesium alloys to date. | bee 
] app 
allo 
HM SIKA-F HM -F Wel 
—— azsis-F — —— 47318 -F cal 
--——— azeoa-F — AZ80A-F HK 
pro] 
Prog 
met 
HM. 
Hig 
wer 
40 ‘ $00. 6 00 700 800 900 1000 0 200 300 400 500 600 700 800 900 HK 
TING TEMPERATURE TESTING TEMPERATURE, °F tem] 
Fig. 3. Tensile strength of extruded magnesium alloys; Fig. 4 Tensile yield strength of extruded magnesium ry P 
extruded bars, rods and shapes alloys; extruded bars, rods and shapes Fr i 
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Table 2— Tensile Properties of All-Weld-Metal Deposits pose 
Test were 
tem pera- EZ33A HK3IA HMS31XA Alloy on the 
ture. 1000 psi 1000 psi 1000 psi which rod was 
I E TYS TS E TYS TS E TYS TS deposited depos 
70 17.8 32 0 HK31A prefe! 
70 35 19.8 26.8 10.5 13.8 265.0 1.0 16.9 21.4 HM31LXA tions 
70 6.3 21.2 30.0 13.3 13.8 27 0 1.5 10.2 19.3 HM21XA might 
100 1.5 14.5 21.6 30.0 10.0 17.3 23.3 8.8 15.7 HM21XA tures 
600 50.0 11.0 13.5 32.0 95 14.5 24.0 10.5 13.3 HM21XA 2 
700 4.0 6.2 7.4 53.5 5.3 7 6 18.5 7.9 9.4 HM21XA Tensil 
800 52.0 3.0 1.3 93.5 31 10 19.5 6.5 7.3 HM21XA at Ro 
The 
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Table 3—Room-Temperature Properties of Welds in Wrought Magnesium Alloys Containing Thorium 


Bead on 


Bead of} 


Location 


Material Location 
thickness, Weld g, 1000 psi % effi- of frac- / 1000 ps efii- of frac- 
in. rod E TYS TS ciency lure k T'YS I's / ture 
HK31A-H24 sheet 
0.064 HK31A 1.0 24.3 29.0 79 HAZ 3.0 29.1 79 W 
EZ33A 3.0 20.2 32.7 88 HAZ 5.0 18.4 30.4 82 W 
0.125 HK31A 1.5 20.9 28.4 77 HAZ 
HM21XA-TS sheet 
0.040 HKS31A 1.5 23.1 31.2 86 HAZ 
1.8 24.5 31.6 87 HAZ 
HM31XA 2.0 20.4 27.8 76 HAZ 
0.064 HK31A 1.5 21.7 27.0 77 HAZ j 16.5 27.7 79 W 
EZ33 1.5 22.5 31.0 88 HAZ 20.3 30.5 87 \ 
HM31XA 1.5 17.8 26.1 74 HAZ 2 13.7 24.¢ 70 W 
0.125 HK31A 1.5 17.2 24.3 73 HAZ 5 14.4 26.7 81 W 
EZ33A 1.5 21.8 26.7 81 HAZ 3. 17.9 4 8Y HAZ 
HM31XA 1.8 16.6 26.4 80 HAZ 2.0 i4 24.5 74 W 
HM31XA extrusions 
0.125 HM31XA 0.5 20.8 23.4 56 HAZ 3. 15.5 27.2 f W 
EZ33A 1.0 25.5 29.7 71 HAZ 2. 19.9 31.8 W 
0.375 HM31XA 2.3 13.8 23.7 it W 
EZ33A 3.0 19.8 32.7 78 W 
0.625 HM31XA 2 15.8 24 W 
HK31A 2 16.0 4 () W 
EZ33A 19.6 99.9 71 W 
W = Weld; HAZ = Heat-affected zone 
The thorium-containing alloys have and extrusion alloys as determined at 80 to 90% with EZ33A, 73 to 85% 
shown no tendency to cracking in the room temperature are given in Table 3. with HK3I1A and 70 to 80% with 
circular bead and the triangle tests with For HK31A, property data for only HM31XA rod. The lower properties 
a variety of rod alloy s. The excellent the -H24 temper are given, since the -0 and efficiencies in the thicker materials 
weldability of the thorium alloys has temper has had limited use to date. were the result of greater annealing by 
been confirmed by many commercial Property data for welds with HM31XA the ng heat and the more severe 
applications. Since no weld cracking rod were not obtained because of under- notch effect when the bead was left 
occurred on these thorium-containing cutting and low-strength disadvantages. intact. The latter effect was apparent 
alloys, actual test data were omitted. which would preclude its use for pro- from the values with bead on and bead 
Welding rod composition was not criti- duction welding of HK3I1A - sheet. off « 0.125-in. sheet welded with 
cal but the selection was narrowed to Weld strengths of about 29,000 psi EZ33A rod. In_ bot ses, failure 
HK31A, HM31XA and EZ33A on the with efficiencies of 75 to SO% were occurred in the heat-affected zone, but 
basis of superior elevated-temperature obtained with HK31A rod, while with the welds with th bead machined 
properties. EZ33A rod the weld strengths exceeded off had strengths ¢ 29 400 compared 
Properties of Weld-Metal Deposits 30,000 psi with efficiencies of 80 to 887%. to 26,700 psi for welds with the bead 
Highest weld strengths in HM21XA- left on 
Phe tensile properties of the all-weld — pg were obtained with EZ33A rod, Welds in HM31XA extrusions were 
metal deposits of EZ33A, H K31A and followed by HK31A and HM31XA. found to show trends somewhat similar 
HM31XA rods are shown in Table 2 in Wail 
Highest room-temperature strengths 
were obtained with EZ33A, followed by 
HK31A and HM31XA. As the test 
temperature increased, the differences 1 - — — 
in properties between the rod alloys / EXTRUDED TUBING | 
decreased. At temperatures above 400‘ \ UP TO 1-1/2" 0.0 
F, the tensile strengths of EZ33A and 
HK31A weld deposits on HM21XA // A | A 
plate became essentially equal. At 4 j 
600° F, the strengths of all three alloys / / | 
were nearly equal, but above 600° F, f ae \ Ss 
the superiority of HM31XA_ became \ 
well-established. On the basis of weld- | 
deposit strengths, EZ33A might be a ff © | \\ \ | | 
preferred rod composition for applica- / | | 8 
tions up to 600° F, and HM31XA rod 
might prove more useful at tempera- ——— 22 EEE SEC AA 0.063 
tures above 600° F. Serer 
Tensile Properties of Welds 
at Room Temperature RESTRAINED TRIANGLE TEST CIRCULAR WELD BEAD TEST 
The tensile properties of welded sheet Fig. 5 Weld-cracking testpieces for evaluation of magnesium alloys 
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strengths with EZ33A rod were ap- 
proximately 30,000 psi with efficiencies 
of 71 to 7S8* Ds while weld strength with 
HM31XA rod was 23,400 to 24,500 
psi with efficiencies of 56-65°%. 


Elevated-Temperature Properties 
of Welds 

The short-time tensile properties at 
elevated temperatures of 0.065-in. Hk- 
31A-H24 sheet welded with EZ33A and 
HK31A rods are given in Table 4. A 
plot of tensile strength in Fig. 6 showed 
that the greatest difference between the 
base metal and the welds occurred at 
room temperature, while at tempera- 
tures above 400° F, the strengths were 
essentially equal and the efficiencies 
ipproached Higher weld 
strengths were obtained with EZ33A 
than with HK31A rod at room temper- 
ature, but above 400° F, 
lifference in strengths between welds 


no significant 


compositions was evi- 


vhether the weld 


of the two rod 
lent, regardless of 
bead was left on or removed 

The short-time tensile properties at 
elevated temperatures of welded HM- 
21XA-TS in thicknesses of 0.040 to 
0.125 in. are listed in Table 5 and the 
veld-strength data for the 
three thicknesses welded with EZ33A 
ind HM31XA rods are plotted in Fig. 7. 


Onl posite 


Welds with EZ33A rod had close to 
100°, =effieien at temperatures ol 
100 to 800° F, regardless of whether the 
heads were left on or machined flush. 
Welds | HM31XA rod with the 
veld bead left intact, had high efficiencies 
it t wratures, but when the 


TENSILE STRENGTH, 1000 PSI 


| | 


EZ3534 ROD, WELD BEAD ON 


EZ35A ROO, WELD BEAD REMOVED 


HKSIA ROD, WELD BEAD ON 
- HKSIA ROD, WELD BEAD REMOVED 
20-— — 
— 
100 200 300 400 500 600 700 800 


TESTING 


TEMPERATURE, *F 


Fig. 6 Tensile strength at elevated temperature of 0.063-in. HK31A-H24 
welded with EZ33A and HK31A filler rods 


weld bead was removed, the efficiencies 
were greatly reduced and remained low 
at temperatures up to 600° F. Since 
failures were occurring through the 
deposited weld metal, the low efficien- 
cies were due to the low strengths of the 
HM31XA weld metal. 

The elevated-temperature properties 
of HM31XA welds are given in Table 
6 and the trend in strength values with 
temperature and rod compositions is 
shown in Fig. 8. The superiority of 
EZ33A rod welds up to 600° F were 
clearly evident. Strengths of the 
welds remained below those of the base 


metal until a temperature of 700 
was reached. 


Postweld Aging Treatments 


Postweld aging treatments of welds 


in HM21XA and HM3IXA 


allovs 


failed to show any marked improve- 


ment in properties. 


The minor effects 


of aging on the room- and elevated- 
temperature tensile yield strengths in 


HM21XA welds are shown in Fig. 


4 


Even the welds with EZ33A and HK31A 
rod alloys, which are susceptible to 
aging, showed no significant improve- 
ments at elevated temperatures. Post- 


weld aging of welds in HK31A_ she 


t 


Table 4—Room- 


and Elevated-Temperature Properties of 0.063-in. 


EZ33A and HK31A Rods 


Tem- HK3IA rod 
perat 1000 psi e Location 
7s ciency of frac fure* 
Weld bead on 
70 10 24.3 20.0 79 HAZ 3.0 
20.0 3.5 21.0 BM 26.0 
23.0 13.2 IS 6 BM 22.5 
600 5 100 BM 28 5 
7TH 580 
Weld bead off 
70 29.1 HAZ 5.0 
19 1 
19.4 25.0 
12 40 24.0 
700 515 
Base metal 
Tem- 
perature, 1000 psi 

TYS TS 

70 11.5 20.8 36.5 

100 28.5 20.5 21.9 

500 27.5 16.4 IS 7 

600 3.5 6.0 13.1 

700 77.0 15 5.4 


HK31A-H24 Sheet Welded with 


EZ33A rod 


1000 psi Location 
TYS TS CLENCH of fract 
20.2 32 7 a0 HAZ 
12.2 20.7 BM 
12.9 17.8 G5 BM 
5 13.4 LOO BM 
2.9 5.8 100 BM 
Is.4 30.4 83 HAZ 
12. 4 20.6 O4 HAZ 
13.0 18.2 7 BM 
9.5 13.4 100 BM 
6.0 100 BM 


*BM = Base metal; HAZ = Heat-affected zone. 
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Table 5—Room- and Elevated-Temperature Properties of 0.040—0.125-in. 
HM21XA-T8 Welded with EZ33A and HM31XA Rods 
Tem- H V { rod 1 od 
perature, % 1000 psi “oO effi- Location of 1000 psi eff Location 
of E 7TYS TS crency of fracture* E TYS TS cien of fraet ire* 
Bead on 
75 1.8 18.3 26.8 79 HAZ 1.6 22.9 20.8 85 HAZ 
400 1.3 13.0 18.1 4 HAZ 11.2 14.1 Is.9 97 HAZ 
600 11.8 12.3 14.2 OS BM 11.3 12.1 13.9 Q7 BM 
800 62.2 14 6.2 100 BM 59.8 3.6 5.7 LOO BM 
Bead off 
75 2.0 14.0 63 W 19.1 30.0 HAZ 
400 1.0 10.1 14.4 81 W 15.5 ee 17.5 ag HAZ 
600 5.8 10.6 13.0 93 W 13.5 10.0 13.2 3 W 
800 63.0 3.8 5.4 100 HAZ 14.5 3.4 45.0 Loo W 
Base metal 
Tem- 
perature, 1000 psi 
E TYS TS 
75 10 25 34 
300 20 19 21 
30 17 IS 
500 25 15 16 
600 15 12 14 
700 50 8 11 
800 100 3 i) 
) *W = Weld; HAZ = Heat-affected zone: BM = Base metal 
Table 6-—Room- and Elevated-Temperature Properties of HM31XA-F Extrusion 
Welded with EZ33A and HM31XA Rods 
ni- H VJ rod EZ Ou 
perature, 1000 psi e fii- Location 1000 ps f? Location 
F TYS TS crency* of fracture* E TS wt * 
Beads flush 
75 2.0 15.8 24.5 58 W 1.8 19.6 29.9 71 W 
100 10.0 10.1 16.9 70 W 22.0 12.5 1 1 RR W 
500 13.3 9 7 13.9 66 W 22 0 re 1.5 &3 W 
600 5.3 9 3 12.2 72 W 26.6 & 9 12 ¢ 74 W 
700 12.0 10.9 11.7 W 14.0 8 6 1.1 
800 19.0 5.6 7 89 BM 5 0 6.5 6 OF \\ 
Base metal als 
Te 
peralure 7, 1000 p 
I E TYS TS 
75 10 33 }2 
100 32 23 24 
500 25 20 21 
600 99 16 17 
700 5 12 13 
800 60 7 ba 
* Based on typicals; W = Weld; BM = Base metal 
Table 7—Creep Characteristics of Welded HM21XA-T8 and HK31A-H24 0.063-in. Sheet (Weld Bead On) 
{00° F F 
HKS381A-H24 HM21XA-T8 HM21XA-TS 
*Siress. ksi *Stress. ksi *S 
Weld rod 0.1% ¢ 0.2%T7.E. 0.5% T.E 0.1% 0.2% T7.E. 0.5% T7.E 0.1% 0.2% T.E. 0.5%T.E 
13.6 10.8 14.0 3.9 18 
EZ33A 6.5 6.5 11.2 13.2 10.4 14.3 co s 5.0 
HM31XA 12.0 10.0 13.7 1.6 7 5.9 
Base Metal 6.5 6.5 10.2 13.3 10.5 13.5 5.0 0 6.0 
* Stress required to produce indicated creep (C) or total extension (T.E.) in 100 hr. Creep tests were made across the welds on speci- 
mens having 2-in. gage length and a '/s-in. reduced section 
JUNE 1958 Lockwood, Klain—Magnesium Alloys 259-s 
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Fig. 7 Tensile strength at elevated temperature of 0.040—0.125-in. HM21XA-T8 
welded with EZ33A and HM31XA filler rods 


which is readily susceptible to thermal metal, but the creep resistance of welds 
treatments, resulted in an increase of with HK31A and EZ33A rods were 
only 2000 to 3000 psi in tensile strength considerably lower. The data also 
at room temperature after aging 16 hr at indicated that welds with HK31A and 
100° F EZ33A rods generally had equivalent 


Creep Characteristics of Welds creep characteristics. 


Limited creep data for HK31A and Tensile Properties of Welded 
HM21XA welds made with different Dissimilar Wrought Alloys 
E rods are given in Table 7. At 400° F, The room- and elevated-temperature 
: the creep resistance of the welds was the short-time properties of HM21XA-TS 
same as that of the base metal, regard- welded to HM31XA-F with three 


less of the rod composition. At 600° F, different rod alloys are listed in Table 8. 
é the creep resistance of HK31A_ welds Since all the test bars at elevated tem- 
ind base metal were too low to be of perature, and all but one at room tem- 
; any practical importance. However, perature, fractured on the HM21XA side 
the creep resistance of HM21XA welds of the weld, strength efficiencies were 
: made with HM31XA rod was only based on the strength of the particular 


slightly lower than that of the base lot of HM21XA-TS sheet used. Ef- 


Table 8—Properties of 0.125-in. HM21XA-T8 Sheet Welded to 0.125-in. 


HM31XA Extrusion (Weld Bead On) 
1000 psi efi- Location 
Weld rod EK TYS TS clency* fracturet 
70° I 
EZ33A 13 21.9 27.4 S4 HAZ-HM21XA 
HKS3SIA 13 IS. 6 24.3 74 HAZ-HM21XA 
HM31XA 1.5 15.0 33.8 70 HAZ-HM31XA 
100° 
EZ33A 9.5 14.7 17.6 100 HAZ-HM21XA 
HK31A 7.5 13.8 17.3 100 HAZ-HM21XA 
HM31XA 6.0 11.3 16.9 98 HAZ-HM21XA 
HOO 
EZ33A 12.5 11.6 13.0 100 BM-HM21XA 
HK31A 12.5 11.5 3.0 100 BM-HM21XA 
HM31XA 12.5 12.4 13.3 100 BM-HM21XA 
700° 
EZ33A 21.0 8.1 10.6 100 BM-HM21XA 
HK31A 19.0 7.9 10.3 100 BM-HM21XA 
HM31XA 19.5 7.9 10.3 100 BM-HM21XA 


* Based on strength of HM21XA-TS8 sheet. 
+t BM = Base metal; HAZ = Heat-affected zone. 
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ficiencies of 100% resulted at tempera- 
tures of 400° F and above. 

The room- and elevated-temperature 
short-time properties of HK31A-H24 
welded to HM21XA-TS8 and HM31- 
XA-F are listed in Table 9. Strength 
efficiencies, based on the strength of the 
material in which the failure occurred, 
were approximately 81% for HK31A to 
HM21XA and 70% HK31A to HM- 
31XA at room temperature. At 400° F 
and above, essentially 100% efficiencies 
were obtained. 


Tensile Properties of Castings Welded 
to HM21XA-T8 Sheet 


The most widely used casting alloys 
for elevated-temperature service are 
HK31A, EZ33A and HZ32A (Mg-3.3 
Th-2.1Zn -0.7 Zr). Since it is fre- 
quently required to weld castings to 
wrought materials, the three most com- 
monly used castings in the various tem- 
pers were welded to '/.-in. HM21XA-TS 
plate with EZ33A rod and their short- 
time tensile properties determined. 
The property data are shown in Table 
10. Except for room-temperature prop- 
erties, postweld aging had no signifi- 
cant effect on the weld strengths. 
Cast-alloy temper had no significant 
effect on tensile strengths at elevated 
temperatures. The efficiencies varied 
somewhat at 400° F, but the ultimate 
strengths at 400 and 600° F were 
nearly the same for all cast alloys and 
tempers. 


Welding Techniques 


The thorium-containing magnesium 
alloys exhibited greater oxidizing and 
undercutting tendencies during welding 
than the conventional Mg-Al-Zn alloys. 
As a consequence, the effects of the 
following techniques to overcome these 
deficiencies were investigated and com- 
pared on 0.040- to 0.125-in. sheet 
thicknesses: (1) free drop-down in air, 
(2) grooved backing (3) gas backing 
(4) preheat, (5) edge gaps and (6) rod 
composition. 

The greater oxidizing tendency of the 
thorium-containing alloys was mani- 
fested chiefly on the underside of the 
weld by the presence of a dark film, a 
noticeable parting line where the sheet 
edges existed, and a highly wrinkled 
underbead. The oxidation effects 
were minimized or eliminated by the 
use of an inert-gas backing, as shown 
in Fig. 10. The inert-gas_ backing 
produced a smooth, oxide-free under- 
bead, which resulted in a reduced notch 
effect at the junction, maximum 
strengths and improved consistency. 
However, with adequate care and prep- 
aration, thorium-containing alloys can 
be welded without the use of inert-gas 
backing, as is being done on the con- 
ventional alloys. The appearance of 
the underside of the bead made without 
a protective atmosphere can also be 
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three wrought thorium-containing mag- 


Table 9— Properties of HK31A-H24 Sheet Welded to HM21XA-T8 Sheet and nesium alloys are shown in Fig. 11. 
HM31XA-F Extrusion (Weld Bead On) HK31A shows a partly recrystallized, 


Test work-hardened grain structure, while 
Tem- the HM21XA is a coarser-grained, 
Weld perature, / 1000 psi % effi- Location of completely recrystallized, and aged 
rod “+ E TYS TS ciency* fracture structure. No evidence of precipitate 
0.125-in. HK31A-H24 to 0.125-in. HM21XA-TS8 is visible. The HM31XA microstruc- 
EZ33A 70 1.0 22.4 26.9 81 HAZ-HM21XA ture ms severely deformed and is ep 
HK31A 70 1.5 20.8 26.9 81 HAZ-HM21XA extremely fine-grained that even a 
HM31XA 70 1.5 19.8 28 2 85 HAZ-HM21XA x<500 magnification has failed to re- 
EZ33A 100 11.5 13.6 17.8 100 BM-HM21XA solve the structure 
HK31A 400 7.0 12.4 17.4 98 HAZ-HM21XA The effects of the weld-thermal cycles 
HM31XA 400 7.5 13.3 17.6 99 HAZ-HM21XA on the base metals are illustrated in the 
EZ33A 600 28.0 8.1 13.3 100 BM-HK31A series of photomicrographs in Figs. 12 
HK31A 600 28.5 8.6 13.0 100 BM-HK31A and 13. These sho appearance of 
HM31XA 600 28.0 8.7 12.4 99 BM-HK31A 
EZ33A 700 71.5 1.2 8.1 100 BM-HK31A 
HK31A 700 70.5 13 7.5 100 BM-HK31A metal interface. In Fig. 12 are shown 
HM31XA 700 66.0 5.0 7.9 100 BM-HK31A the junctions of the three w aa 
‘ s welded y } (33 rod le 
0.064-in. HK31A-H24 to 0.125-in. HM31XA-Ft with HK31A 
HK31A 70 1.6 23.7 29.2 70 HAZ-HM31XA and HM31XA rods. A narrow zone of 
HK31A 100 17.1 21.2 100 BM-HK31A . 
HK31A 600 10.0 9.6 144 100 BM-HK31A complete recrystallization with slight 
grain growth has occurred in the base 
metals as a result of the welding heat. 


* Based on location of fracture This 
t Machined to 0.064 in. 
BM = Base metal; HAZ = Heat-affected zone 


annealing and grain growth ex- 
plain the somewhat lower room-temper- 
ature strengths obtained after welding. 
The magnitude of the heating effects is 


improved by fusing it with an are with- by HK31A and HM31XA. Preheat dependent on the response of each alloy 
out rod addition as shown at the bot- temperatures of 200 to 400° F or inert- to the ther vcles 1 the duration 
tom of Fig. 10. gas backing flows of 5-10 cfh in combi- or repetition of heating during welding. 
The welds in thorium-containing nation with any of the rod compositions Thus, multiple-pass welds naturally 
alloys exhibited a more severe under- effectivel eliminated undercutting. be subjected to longer heating and there- 
cutting tendency than any of the con- Variations in welding techniques did fore greater annealing effects 
ventional alloys. Of the three wrought not affect the properties of acceptabl From Figs. 12 an }, it is evident 
alloys, HK31A showed the least tend- welds In thorium-co1 taining alloys that EZ33A and HK31A wi lding-rod 
ency to undercutting. Welding-rod com- The only conditions affecting weld compositions result in tremely fine- 
position, inert-gas backing, grooved strengths were the presence of under- grained welds, while HM31XA results 
backing and preheat were the most effec- cutting and offset sheet edges. in ver oarse-grained olumnar de- 
tive means of reducing or eliminating the posits The inusuall LOW room- 
undercutting. The least undercutting Metallography te mperature strengths of HM31XA weld 
was obtained with EZ33A rod, followed The typical microstructures of the deposits ar explall I their ex- 
Table 10—Tensile Properties of Various Cast Alloys Welded to 0.250-in. HM21XA-T8 Plate Using EZ33A Welding Rod 
(Weld Bead Off) 
0° F 100° I 600° | 
Location Location Location 
1000 psi e of frac- 1000 ps e of frac- 1000 p of frac- 
Casting E TYS TS _ ctency* turet E TYS ciency* turet turet 
HK31A-F 4.5 13.4 24.7 100 HAZ-C 1I2.0 11.5 17.3 100) = BBM -€ 20.5 10.0 14.4 100 BM-HM 
HK31A-T4 *.8 15.1 27.2 100 HAZC 9.0 11.8 17.9 93 HAZ-HM 14.0 10.8 15.0 100 =BM-HM 
HK31A-T4 3.3 33.3 100 W 5.6 173% 93 HAZ-HM @8 13.7 O6 W 
T Age! 
HK31A-T6 6.3 15.7 2.1 88 HAZ-C 10.0 11.3 17.0 86 HAZ-HM 16.0 10.1 14.3 100 BM-HM 
EZ33A-F 2.56 19.1 2.7 100 =BM-C 8.0 13.2 17.4 90 HAZ-HM 19.0 10.1 13.5 100) 
EZ33A-T5 a.0 27.9 36.3 94 BM-( 7.8. 17:8 91 HAZ-HM 16.5 10.2 12.6 BM-C 
EZ33A-T5 3.3 19.6 28.1 100 =BM-C 8.5 12.8 17.9 93 HAZ-HM 22.0 9.0 11.4 100 
+ Age? 
HZ32A-F 3.0 15.1 26.8 97 BM-C 22.6 37.1 100 BM-C 19.5 9.2 LOO BM-( 
HZ32A-T5 t.5. 160 2.7 100 =HAZ-C 13.5 10.8 17.0 100 BM-C 76 8.0 41.4 100 BM-( 
HZ32A-T5 15 16.9 29.9 100 =BM-C 14.0 11.2 16.0 HAZ-H\M 24.0 8.6 11.2 100 BM-C 
+ 


1. Aged 16 hr at 400° F after welding 

2. Aged 5 hr at 420° F after welding 

3. Aged 16 hr at 600° F after welding. 

* Efficiencies are based on original metal strength where fracture occurred If failure occurred in weld, efficienc Vas based on strength 
of weakest metal making up the test bar 

t BM-C = Base-Metal Failure in Casting; BM-HM = Base-Metal Failure in HM21XA-TS8 Plate: W = Weld-Meta! Failure: HAZ-C 
= Heat-Affected Zone Failure in Casting. 
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Fig. 8 Tensile strength at elevated temperature of HM31 XA-F extrusions welded 


with EZ33A and HM31 XA filler rods. 


Beads machined flush 


Table 11—Corrosion Rates of Various Welded Magnesium-Thorium Wrought 
Alloys After Alternate Immersion in 3% Salt Solution for 14 Days 


Corrosion rate, MC D* 


Base metal 


Weld rod HMSB1XA HM21XA-TS HK31A-H24 

None 0.21 0.21 0.20 

0.60 0 21 0.29 

HMS31IXA 0.41 0.21 

0.65 0.21 0.43 
*MCD = milligrams/em?/day 


tremely coarse grains. The appearance 
of HK31A and HM31XA weld de- 
posits near the center of the weld beads 
The HM31XA 
grains were not quite so elongated as 
those at the junction. The lamellar 
structure seen in deposits in HM21XA 
was almost completely obliterated on 
HM3LXA base metal due to the repeated 
heating caused by multipass welding 
used on this material because of its 
thickness. 


are shown in Fig. 14. 


Corrosion 

The results of corrosion tests by 
alternate 
tion for 14 days are shown in Table 11. 
While the results indicate an increase in 
the corrosion rate of HK31A_ and 
HM31XA after welding, the actual 
considerably below 
values and 


immersion in 3% salt solu- 


magnitudes are 
significant 
no real significance need be attached to 
these variations. The only visible form 
of corrosion attack is pitting at the junc- 
tion of the weld to the base metal. 
Health Considerations 

Since thorium is a low-level radioac- 
tive element, some concern may be felt 
about its effects on the health of those 
working with the magnesium alloys 
containing thorium. Recent studies‘ 
of the safety precautions in the handling 
and fabrication of the magnesium-thor- 


ymmercially 
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ium alloys show that thorium is not a 
chemical poison and is a comparatively 
low-level radioactive element. Because 
of this low radioactivity, the external 
radiation from the direct handling of 
the currently used magnesium alloys 
containing 3% thorium or less presents 
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Fig. 9 Effect of postweld aging on 
tensile yield strength at elevated 


temperatures of 0.125-in. HM21XA- 
T8 welded with EZ33A, HK31A and 
HM31XA filler rods. 
flush 
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Fig. 10 Effect of various welding techniques on the appearance of the 
underside of the weld on 0.125-in. HM21XA-T8 using the tungsten-arc 
process and EZ33A weld rod 


Lockwood, Klain 


Magnesium Alloys 


WELDING RESEARCH SUPPLEMENT 


HM31 
Extrusi 


Fig. | 
upon 


JUNE 


= 
t 
~ 
~ 
~~ 
~ 
~ 
0.1 
~ 
rec 
Fig 
800 
~ 
4 
Fig. 
| 
X 10¢ 


Re 
0.125-in. HK31A-H24 sheet. X 250. Partly 0.063-in. HM21XA-T8 sheet. X 100. Com- HM31XA-F extrusion. X 500. Severely-worked 
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Fig.11 Microstructure of wrought magnesium-thorium alloys. Phospho-picral etch. (Reduced by 40% upon reproduction) 
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Fig. 12 Weld bead-base metal junction of wrought magnesium-thorium alloys welded with EZ33<A filler rod. Phospho-picral 
etch. (Reduced by 40% upon reproduction) 
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Fig. 13 Weld junctions of wrought magnesium-thorium alloys welded with HK31A and HM31XA rods. Phospho-picral etch. 
(Reduced by 40% upon reproduction) 


> 

HM31XA weld deposit in */s-in. HM31XA-F HM31XA weld deposit in 0.125-in. HM21XA-T8 HK31A weld deposit in 0.063-in. HK31A-H24 
Extrusion. X 100 sheet. X 100 sheet. X 100 


Fig. 14 Appearance of various weld deposits in magnesium-thorium alloys. Etched in phospho-picral. (Reduced by 40% 
upon reproduction) 
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no problems. Only continued exposure 
to high concentrations of fine dust or 
fumes, as may occur in such operations 
as welding, grinding, pickling, chemical 
milling and large scale melting, is haz- 
ardous and requires protection of the 
worker. For most of these operations, 
the normal precautions for dust or fume 
control are adequate. 

The Industrial Hygiene Standard of 
0.1 milligram of thorium per cubic meter 
of air for continuous exposure has been 
used as a limiting concentration in the 
working area. In the welding of mag- 
nesium-thorium alloys without any 
precautions, concentrations of thorium 
above the 0.1 milligram per cubie me- 
ter of air were found in the breathing 
zone. Use of a local exhaust duct 
drawing a few hundred cubic feet of air 
per minute reduced the thorium con- 
centration below the limiting value. 
Where local exhaust is not practical, 
and there is sufficient room ventilation 
to control contamination of the general 
atmosphe re, the welder can be protected 
by an air-supplied welder’s hood or by 
other means which remove visible fumes 
from the welder. 


Summary 

It has been shown that HK31A, 
HM21XA and HM31XA possess excel- 
lent weldabilit ind good, short-time 
high-temperature properties after weld- 
ing. Welding resulted in reduced prop- 
ertics at room temperature, especially in 


HM31XA alloy, but at elevated tem- 
peratures, the strengths of the welds 
were essentially equal to those of the 
base materials. Limited tests indicated 
that creep resistance was not signifi- 
cantly affected by welding. Postweld 
heat treatments resulted in only slight 
improvements in properties. 

It was concluded that EZ33A was the 
best rod composition. In certain ap- 
plications at temperatures above 600° 
F where creep resistance is important, 
HM31XA rod may be more advanta- 
geous. The EZ33A rod composition 
greatly reduced undercutting, had the 
highest room-temperature strength and 
was suitable for welding cast as well as 
wrought products. In comparison with 
HK31A rod, it had superior strength at 
room temperature and equal strength at 
elevated temperature. The weld 
strength efficiencies with the different 
rods at room temperature were as fol- 
lows: 


Strength efficiencies at room 
Base temperature of welds 
metal with various rods 
HK31A EZ33A HM31XA 
HK31A-H24 75-80 80-88 
HM21XA-T8 73-85 80-90 70-80 
HM31XA-F 71-78 56-65 


The corrosion rates of welds varied 
somewhat with rod composition but the 


variations were not believed to be sig- 
nificant in relation to service perform- 
ance. 

Satisfactory welding of the thorium- 
containing alloys to each other as well 
as to castings was also established. 
When welding the wrought materials to 
any of the elevated-temperature casting 
alloys, EZ33A rod was recommended. 

For best results, it might be desirable 
to use inert-gas backing on the underside 
of the weld or a trailing shield of inert 
gas on the top side of the weld to mini- 
mize oxidation. However, it was em- 
phasized that the extra protection was 
not mandatory and equally good results 
could be obtained without its use. 
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by John W. Fisher, George C. Driscoll, Jr., and Lynn S. Beedle 


Plastic Analysis and Design of Square Rigid Frame Knees 


This Bulletin contains sample calculations and a description of the 
plastic design of a square knee for a single-span rigid frame. 


Welds are designed using the concepts of plastic design as well as those 
of elastic design in order that the parallelism can be seen. 


The methods of design presented can be used as a guide in designing 
comparable connections for rectangular portal frames. 
Price—$1.00. Order single copies from American Welding Society, 


33 West 39th Street, New York 17, N. Y 
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TODAY’S TREND IN SHIP RESEARCH 


Author discusses some of the significant results from the 


current program of the only organization in the United States 


devoled exclusively to ship-hull research 


BY DAVID K. FELBECK 


SYNOPSIS. Research directed toward 
ship-hull improvement in the United 
States has incorporated studies that are 
more fundamental than was necessary 
during and just after World War Il. The 
Ship Structure Committee program now 
includes, for example, low-temperature 
research on fracture initiation 
the influence of prior straining on fracture 
load; examination of the structure of con- 
trolled-rolled steel plate; high-speed meas- 
urements of the variations of the strain 
pattern during crack propagation; and a 
new fundamental program aimed at 
achieving more rational design of ships 
through improved understanding of the 
interrelations between waves, ship mo- 
tions, and the 


stresses In a ship 


studies of 


resultant loads on and 


Introduction 

No longer can ship research produce an 
order-of-magnitude reduction ship 
failures such as resulted from the studies 
during and just after World War II. 
No longer can a ship be considered satis- 
factory if it can just keep from falling 


David K. Felbeck associated with the atior 
Academy of ces-National Resear im 
Washington, D 


Fig. 1 
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apart, although keeping a ship in one 
plece was a serious problem not too 
go (Fig. | The early 


effectively 


many years a 


empirical studies revealed 
those improvements in design, materials 
and fabrication necessary to reduce to a 
very low level the catastrophic failure of 
merchant ships and tankers 
Thus problems of size 


iilabilits of quality 


welded 
structural loads, 
seaworthiness and 
materials have displaced brittle fracture 
as the major applied problems today 
Although 


sulted from more recent applied studies, 


further refinements have re- 
no extensive contributions toward im- 
provement of ship hulls can be expected 
except from careful and thorough funda- 
mental investigation of 
fields 


order of significant results from the cur- 


several pertinent 
Thus an examination may be in 


rent program of the only 
in the United States devoted exclusively 


organization 


to ship-hull research 
The Ship Structure Committee was 
formed to pool the efforts of four agen- 


cies (Coast Guard, Navy, Maritime 
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Forward half of the Russian-operated 
American-built Liberty ship S. S. Valeri Chkalov, 
which broke in two in the North Pacific on Dec. 13, 
1943 


Fig. 2 
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programs. The relative growth of fun- 
damental research within the Ship Struc- 
ture Committee program since its for- 
mation in 1946 is shown in Fig. 2. 
Brittle-Fracture Studies 

Studies on initiation of brittle frac- 
ture have shown that prior cold working 
of steel plates in tension perpendicular 
to the direction of the test load can cause 
a reduction in test load at fracture to 
about 70° of the load originally re- 
quired to produce plastic deformation 
vield load If the prior cold working 
is In compression, the fracture load may 
be reduced to 59°7 of vield load. It is 
possible that these results may help to 
explain fracture of ships at loads thought 
to be safely below the yield load. In- 
vestigators concerned with fundamen- 
tals of crack propagation have shown 
conclusively that «a dynamic strain 
wave of a magnitude several times the 
vield strain precedes a rapidly propagat- 
ing crack. Another investigator is 
studying independently the relationship 
of local strain rate to the conditions that 
are associated with fracture. These 
projects should help to explain part of 
the sensitivity of br ittle steels to running 
cracks 

Three projects that are under way or 


will begin shortly are part of a world- 
wide study to develop a reliable test for 
brittleness in steel. A small project 
earing completion was set up to find 
vhether there is anv correlation between 
the variation with temperature of the 
ippearance of a laboratory-produced 
racture surtace specimen ol ship 
plate and the temperature at which the 
ship fractured in service. Because of 
ontradictory reports of the influence of 

inganese in reducing brittleness in 
steel, a careful series of experiments is 

ng inned to isolate as well as pos- 
sible the effect of varving manganese 


mtent and to study the influence of 
this variation on different kinds of tests. 
Che third project is an apphed study to 
issist Commission LX of the Interna- 
tional Institute of Welding, which is 
concerned with brittle fracture, in its 


current comparison of fracture-appear- 
ance tests with energy-absorption tests. 
This study will be effected through two- 
way exchange and testing of steel sam- 
ples of known pedigree. 

A comparison of riveted and welded 
crack arresters has verified that, for 
equal materials, the riveted arrester is 
better (because of the discontinuity of 
the plating), but that flush-welded 
strips of high notch-tough steel can 
stop running cracks. The required 
width of material and properties of the 
arrester strip have not vet been deter- 
mined. 

An investigation of the influence of 
metallurgical structure on fracture has 
obtained additional results on three 
grades of steel that support an earlier 
conclusion that the ferrite grain size is 
important but does not fully explain 
the brittle behavior of steel. A detailed 
study of prevield phenomena at low 
temperatures has shown that the gen- 
erally accepted dislocation pile-up the- 
ory of cleavage fracture does not ex- 
plain, by a factor of more than 1000, the 
local strain prior to fracture. Further- 
more, careful examination of both flat 
and cylindrical specimens has revealed 
numerous microcracks formed just prior 
to fracture at low temperatures. Under 
certain conditions, several of these mi- 
crocracks can join up to form a single 
larger crack (Fig. 3). 

Ship Structure Committee expe- 
rience of recent vears has demonstrated 
that the most productive brittle-fracture 
studies have been those that most 
closely investigated fundamental mech- 
anisms through simplified tests at 
very low temperatures, at very slow 
loading speeds or involving specimens 
of the simplest tvpe. Except for acci- 
dental revelation of new insight, the 
present high degree of understanding of 
what happens prior to and during 
fracture, as obtained through extensive 
and large-scale testing, cannot be ex- 
pected to add appreciably to the under- 
standing of why a material behaves as it 


does. 


How Important Are Flaws? 

All known ship fractures, and most 
nonship brittle fractures of structures 
originated at a flaw, void or structural! 
discontinuity. The severity of struc- 
tural discontinuity can be controlled 
by proper design. The size, severity 
and frequency of flaws can be partially 
controlled by proper procedures in the 
steel mill and during welding. But 
until the influence of a flaw on fracture 
initiation is better understood, it will 
not be possible to specify precisely how 
large and severe a flaw must be to war- 
rant replacement of that portion of the 
structure. 

Although quantitative evaluation of 
flaws is yet to be achieved, one impor- 
tant experimental observation — has 
emerged from studies of flaw behavior; 
the magnitude and pattern of residual 
stresses in the region of a flaw, as well as 
the shape and size of the flaw, can pro- 
foundly affect the performance of a 
structure. The combined influences of 
better understanding of fracture me- 
chanics and improved residual-stress 
measurement should bring closer the 
goal of precise evaluation of flaw sever- 
ity. In this field there is clear need for 
fundamental studies rather than direct 
empirical work. 

Flaw-detection methods are better 
developed today than are the flaw- 
evaluation criteria. A combination of 
fundamental and empirical studies has 
produced heartening progress over the 
last few vears. The flaw-detection re- 
search program has been comprehensive 
in its studies of radiological methods. 
Tests have been completed for a hand- 
book on the use of available gamma-ray 
sources for ship-hull inspection. New 
methods are being studied for detection 
of flaws through use of a quantitative 
radiation counter instead of the usual 
photographic film. Recent work indi- 
cates it may be possible, through X-ray 
scattering techniques, to inspect ship 
hulls with all men and equipment on 
only one side of the plate. A complete 
survey of the ASTM standard weld-flaw 


Fig. 3. Assembly of connected microcracks that form an incomplete fracture in a steel specimen at —196° C. X 1000. 


(Owen, Averbach and Cohen, SSC-109.) 
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specimens by ultrasonic means is cur- 
rently under way as part of a program 
to investigate all possible methods for 
improving the speed and accuracy of 
flaw detection. Other recently de- 
veloped techniques—graphie and nu- 
merical—are planned for later inclusion 
in this program. 


Making Better Steel 


One of the most effective early solu- 
tions to the brittle-fracture problem in 
ships was the specification of certain 
grades of steel by the classification socie- 
ties. Together with improvements in 
design and fabrication, the use of better 
grades of steel has reduced the ship- 
casualty rate to almost zero. Although 
the ship-fracture problem has thus been 
brought under control for the present, 
one critical new problem and one im- 
portant region for improvement in 
steelmaking still demand attention from 
research groups. The new 
is to improve notch toughness of steel of 
the increased thickness that results from 
design of today’s much larger merchant 
particularly tankers. The 
needed improvement in steelmaking 
is the replacement of fully killed steel 
with a cheaper steel requiring less 
elaborate manufacturing facilities. The 
current efforts of the  materials- 
improvement phase of the Ship Structure 
Committee research program are 
directed toward practical solutions to 
these two questions. 

Fundamental studies of the brittle- 
fracture mechanism that should provide 
greater confidence in the properties of 


problem 


vessels, 


thicker steels have been described above. 
Pending such 
shipbuilders will continue to avoid very 
thick plating in large ships through use 
of double plating or additional internal 
structural support. 
pedients present additional fabrication 
problems and are usually more expen- 
sive, the Committee on Ship Steel has 


better understanding. 


Because these ex- 


recommended a study to determine what 
is the best possible killed steel for thick 
plate, including composition, practice 
and heat-treating variables. An im- 
proved killed steel may be able to fulfill 
temporarily the requirements for thick 
steel of high quality until the fracture 
behavior of thick plate is better under- 
stood and the most suitable material can 
be selected. 

In an effort to produce experimental 
semikilled steels that would be accept- 
able alternatives to the fully killed 
steels now in use in thicknesses over 
one inch, trial heats were made that 
proved to be as good as the present 
steels in thicknesses to 1%/, in. (Fig. 4). 
Preliminary results of tests in progress 
on three full-scale production heats of 
this high-manganese low-carbon semi- 
killed steel appear to verify the conclu- 
sions from the experimental heats. 

The growing use of controlled-tem- 
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Fig. 4 V-Notch Charpy 15 ft-lb transition temperatures of experimental heats 
of high-manganese low-carbon semikilled steel (shown as individual points of vari- 
ous shapes, as reported by several laboratories) as compared with American 
Bureau of Shipping classes of steels in the same thickness ranges (shown cross- 


hatched). (Vanderbeck, SSC-101) 


perature mill rolling of steel plate in a 
number of countries abroad has been 
followed with considerable interest by 
investigators in this country, even 
though it is doubtful whether American 
mills could at present tolerate the reduc- 
tion in capacity that would result from 
controlled cooling of slabs during the 
rolling process Several controlled- 
rolled plates have been obtained from 
one European steel producer by the Ship 
Structure Committee for study. <A 
careful examination of the gross and 
fine structure of these plates may reveal 
parallel 
studies in brittle fracture, some of the 
factors that determine the reported im- 


in conjunction with other 


provement in quality. If the improve- 
ment from controlled rolling can be 
satisfactorily related to service behavior, 
this mill practice will provide manu 
facturers and users with an additional 
alternative to fully killed steel for some 
applications 

The quality of currently produced 
steel must be known accurately in order 
to evaluate the effectiveness of any 
proposed change in steelmaking practice. 
One project, conducted jointly with the 
American Iron and Steel Institute, has 
developed simplified mill sampling meth- 
ods based on a thorough study of a 
small number of heats of semikilled and 
killed ship steel from several commercial 
mills. Tentative conclusions indicate 
that two or three samples from different 
locations within a single ingot can pro- 
vide a measure of the average values and 
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range of values for an entire heat. This 
sampling procedure is 1 being used 
on a number I heats to 


determine the range of properties within 
a heat and among several heats. An- 
other testing program has studi d steel 


samples obtained direct from ship- 


vards to find out whet!) urrent steel 


going into ships is better than the old 
wartime steel N recent data have 
contradicted earli onclusions that 
current steel used in ship construction 
is marked better, wit] nh average 


transition temperature 43° F below the 
1 Wartime 


average iplies taken 


fractured ships 


Designing Better Ships 

Within recent 
standing of the nature of ocean waves 
fulfill- 
1 of knowing 
If ae Ve lop- 


the load system 


years improved under- 


has provided hope for ultimate 
ment of the designer's cre 
all loads acting on a sl 
ment of knowledge of 
were accompanied by corresponding re- 
finements in design procedures, the 
stress pattern throughout the ship could 


be calculated. Then the ship designer 
could utilize materials 


erties with much greater 


known prop- 

confidence 
and thus could surely improve the de- 
sign of a ship and effect savings in 
weight of material. The 
final product of this long-term research 


structura 


program would be a safer ship, cheaper 
to build and capable ol 
greater payload. 


tesearch in several fields will be able 


Carrving 
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to contribute to these improvements in 
ship design. Until recently the fields 
of oceanography and structural design, 
for example, had nothing in common, 
but soon the work of the investigator 
studying shape and frequency distribu- 
tion of waves will vitally affect the de- 
sign loads used by the ship designer. 
In an effort to relate such diverse re- 
search efforts, the Society of Naval 
Architects and Marine Engineers and 
the Ship Structure Committee are 
jointly sponsoring preparation of a 
monograph describing the current state 
of knowledge on waves, ship response to 
waves and the resultant forces on and 
stresses ina ship. This report will pro- 
vide a basis for planning research pro- 
grams in the fields that most require 
attention. 

\ group under the Committee on 
Ship Structural Design is already pre- 
paring recommendations for a compre- 
hensive long-range research program 
that can be used as a guide for future 
studies directed toward achieving ra- 
tional design of ships. In this study the 
investigators are utilizing the mono- 
graph mentioned above and other per- 
tinent literature \ second group is 
preparing a report of current methods of 


structural analysis and design in other 
fields that may be useful in ship design. 

These planning projects will provide 
the foundation for a long-term research 
program that will require the joint ef- 
forts of many groups. Much of the 
work of the first few years will be funda- 
mental in nature to develop sound bases 
for understanding and predicting phe- 
nomena such as ocean waves, thermal 
stresses in structures and the influence 
of inelastic deformations. These studies 
will not all bear fruit immediately in the 
form of improved ship design. Many 
of the research results will contribute 
only indirectly by providing facts upon 
which further research of a more ap- 
plied nature will depend. Out of the 
latter work should come, in stages, the 
ship hull improvements that are the 
goal of the combined research programs. 
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CHLORINE ADDITIONS FOR HIGH-QUALITY 
INERT-GAS METAL-ARC WELDING OF 
ALUMINUM ALLOYS 


Chlorine additives permit radiographically sound 


inert-gas metal-arc welds to be made in Al-Mg alloys despite the 


presence of contamination on the filler wire which tends to form 


porosity and dross. 


Possibility of substantial 


reduction in welding cost is indicated 


BY M. B. KASEN AND A. R. PFLUGER 


ABSTRACT. Contamination on the surface 
of aluminum filler wire is often the cause 
ol poor quality inert-gas metal-are welds 
This paper deals with additions of chlo- 
rine to the are area to eliminate unsound- 
ness due to such contamination. It covers 
multipass flat-position welds using Al-Mg 
plate and filler wire 

A study was made in which the libera- 
tion of contamination from the filler-wire 
surface was simulated by addition of hy- 
drogen, propane, water vapor or oxygen 
to the are area through the contact tube 
of the welding torch The quantity of 
each of the contaminating agents necessary 
to produce aA we ld ot very poor quality was 
determined. Chlorine added to the are 
area in the range of 3 to 20 cu em/min 
was found to counteract effectively the 
deleterious effects of each of these con- 
taminators Further tests with pur- 
posely contaminated filler wires resulted 
in an equally marked benefit A small 
quantity of chlorine permitted radio- 
graphically sound welds to be made with 
mill-run wire and with wire contaminated 
by a hydrated oxide. Indications were 
obtained that chlorine additions can also 
overcome the effect of contamination 
which naturally occur on commercial 
welding wire of the Al-Mg type, thus 
providing insurance against unsound welds 
resulting from wire which has been im- 
properly cleaned or which has become 
recontaminated during storage or use 

A chlorine flow of 10 cu em/min added 
to the are area through the contact tube 
of the welding torch is suggested as opti- 
mum. Recommendations are given on 
methods to obtain this flow rate and on 
measures which must be taken to over- 
come corrosion problems created by the 
chlorine. It is concluded that welding 
with the minute quantities of chlorine de- 
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scribed in this paper can be safely under 
taken in any ly 


ventilated for normal welding 


welding area idequate 


Introduction 

Heavy aluminum sections can be joined 
at a faster rate with the inert-gas metal- 
are wel ling process than with any other 
process commercially availabl This, 
combined with freedom from postweld 
cleaning, has made inert-gas metal-ar 
welding very popular with fabricators 

The inert-gas metal-arc process Is 
capable of producing welds of excellent 
quality in a variety of aluminum alloys 
when the welding equipment is properly 
functioning and when the base metal 
and filler metal are clean However, 
despite all reasonable precautions, welds 
made under shop and field conditions 
frequently contain porosity and dross 
in excess of code limitations. 

The conventional static mechanical 
properties of welds are relatively unaf- 
fected by small amounts of porosity but 
fall sharply as the level of porosity in- 
creases. Figure 1 indicates the general 
relationship between porosity and me- 
chanical properties of welds in a typical 
Al-Mg alloy. The mechanical proper- 
ties are also affected by dross in the 
weld metal. The presence of dross is 
reflected primarily in lower elongation 
values and in the inability of welds to 


pass transverse bend tests. 

Most of the porosity and dross found 
in a weld results from contamination 
on the filler W ire surface. The high ratio 
of wire surface area to the volume of 
deposited metal will introduce a large 
concentration of contamination into the 
weld despite a relatively low concentra- 
tion of contamination per unit area of 
wire surface. 
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Porosit ind dross may also result 
from poorly ined base metal or may 
be introduced into the weld through the 
use of impure shielding gas 

Finally weld defects of this t pe may 
result from contamination of the shield- 
ing gas with the surrounding air. This 
oiten occurs 1 the nert-gas shield 
is mMomentalr disrupted to are 
fluctuation 

Simple cleaning procedures prior to 


welding can eliminate the plate as a 


rhe higl 


source ol ontaminatio! 
standards of purit being maintained 
by the producers of inert shielding 
gases have  largel eliminated this 
source of unsoundness in aluminum- 
alloy welds Likewis mprovements 
in the power sources and in the inert- 
gas metal-arc welding equipment have 
done much to eliminat insoundness 
arising from are instabilit 

Commercial production of filler wire 
free of surface contamination has been a 


more difficult problen The economics 
of manufacturing require that the wire 
be cleaned and spooled at a very rapid 
rate, yet cleaning treatments require 
time to be effective Thus, a balance 
between quality and cost of manufac- 
ture has to be 
fabricator of welding v 


established by each 
That high- 
welding 


quality inert-gas metal-are 


wire is at present commercially avail- 


s and sizes is a 
tribute to the efforts of manufacturers 
to overcome this problem 

Thus it would seem that the problem 


able in a variety of allo 


of contamination has been solved, al- 
though at a considerable increase in the 
cost of the welding operation. Why, 
then, do fabricators continue to be 
troubled with porous and drossy welds? 
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This can be attributed primarily to re- 
contamination of the filler wire during 
storage or while in use. 

This paper presents the results of a 
study to devise a method of counter- 
acting the deleterious effects of con- 
taminators during the welding operation 
itself, thus rendering the condition of 
the wire surface less critical. The ob- 
jectives were two-fold: first, to provide 
a method of welding which would in- 
sure consistent production of high- 
quality welds, and second, to reduce the 
cost of welding by rendering expensive 
wire-cleaning unnecessary. 
The study was limited to the Al-Mg 
alloys. 

The effect of chlorine addition during 
inert-gas metal-are welding was first 
observed in a weld made with an Al-Mg 
filler wire which had been known to 
produce welds of poor quality. Intro- 
duction of a small amount of chlorine 
into the argon shielding-gas stream 
during the welding operation was found 


pre CESSES 


to cause a significant improvement in 


the quality of the weld as determined by 
radiography. 

Subsequent tests, with and without 
chlorine in the shielding gas, repeatedly 
demonstrated that chlorine additives 
were effective in reducing the level of 
both porosity and dross in inert-gas 
metal-are welds. As a result, a signifi- 
cant improvement in static mechanical 
properties was observed.! 

Unfortunately, further experiments 
with a wider selection of filler wire 
indicated that, while chlorine additions 
to the shielding gas improved the qual- 
ity, some porosity remained in the 
welds. Variation in the chlorine con- 
tent, in rate of shielding-gas flow and in 
are length were studied witnout pro- 
viding the answer to complete porosity 
removal. 

Substantial improvement in the ef- 
fectiveness of chlorine addition was 
achieved when an automatic inert-gas 
metal-are welding torch was modified 
to permit the addition to be made 
through the contact tube. Thus, by 
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Fig. 1 General relationship between porosity and mechanical proper- 


ties of welds 
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introducing chlorine directly into the 


are area, its effectiveness was greatly 
increased and the improvement in weld 
quality became consistent. 

It was realized at the inception of 
this study that accurate assessment of 
the effectiveness of the chlorine additive 
would be almost entirely dependent 
upon precise knowledge of control 
weld quality, i.e., the quality that would 
result in the absence of chlorine. It 
soon became apparent that naturally 
contaminated wire was inadequate for 
control purposes because of variation in 
the amount and type of contamination. 
Furthermore, a determination of the 
precise type and quantity of contami- 
nation on the wire surface posed formid- 
able technical problems. A better sys- 
tem of control was therefore required. 

Control of weld quality was finally 
achieved by introducing known quanti- 
ties of specific contaminating agents 
directly into the are area while welding 
with a filler wire of excellent quality. 
Thus, any desired level of weld quality 
could be produced and duplicated with 
knowledge of both the type and quan- 
tity of the contaminating agent. 

Solution of the problems of effective 
chlorine addition and establishment of 
precise control over porosity and dross 
forming contamination permitted the 
following work to be accomplished. 


Effect of Chlorine on Welds Made 
with Specific Contaminating Agents 
Experimental Procedure 

Hydrogen, propane, water vapor and 
oxygen were introduced into the arc 
area to simulate the presence of hy- 
drated oxides and hydrocarbons on the 
filler-wire surface. similar tech- 
nique has previously been used by other 
investigators to simulate contamination 
of the shielding gas.*: 

In the present study the contaminating 
agents were introduced into the are aren 
through the contact tube of an auto- 
matic inert-gas metal-are welding torch, 
thus closely simulating the liberation of 
contamination from the surface of a 
contaminated filler wire. This was 
accomplished through modification of 
the welding torch as shown in Figures 
2 and 3. Two diametrically opposite 
holes were drilled into the upper por- 
tion of the welding torch and copper 
tubes were brazed in place. The desired 
contaminating agent was introduced 
through one copper tube while the chlo- 
rine was introduced through the other. 
The additives then passed through the 
oversized liner, through the contact 
tube and into the are area. A snug 
collar was provided between the flex- 
ible conduit and the torch. This col- 
lar reduced escape of the gases back 
toward the drive rolls without inter- 
fering with passage of the filler wire. 

Accurate determination of minute 
quantities of both the contaminator 
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and of chlorine passing through the 
contact tube was required. This was 
accomplished by metering known mix- 
tures of argon plus the additive when- 
ever the amount of the additive was 
so low as to cause metering problems. 
Thus, hydrogen was added as a 5% 
mixture, propane as a 1% mixture and 
chlorine either as a 3% or a 0.5% mix- 
ture by volume. A simple calculation 
vielded the quantity of these additives 
at any flow rate. The much larger 
quantity of oxygen used in the study 
permitted metering of the pure gas 

The water-vapor addition was con- 
trolled by passing various quantities 
of moist argon into the arc area. Con- 
trol over moisture content was achieved 
by passing the argon through an ice- 
water mixture before introducing it 
into the are area. Measurement of the 
resulting dew point permitted the quan- 
tity of moisture entering the are area 
to be determined for any flow rate. 

The flow rates of the additives were 
metered at the exit end of the contact 


Fig. 2 Automatic inert-gas metal-arc tube with the filler wire in place. One 
welding torch adapted for simultane- of several metering systems was used 
ous introduction of two additives to the depending on the flow rate. Very low 
are area flows were either measured directly 
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GAS 


IN 


OVERSIZE LINER 


FILLER WIRE —— 
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Fig. 3. Sketch of internal modification of the upper portion of an auto- 
matic inert-gas metal-arc welding torch to permit introduction of addi- 
tives through the contact tube 
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with a wet test meter or by a manome- 
ter measurement of the pressure drop 
across a controlled orifice. Precision 
flowmeters were used for controlling 
the larger flows. All metering equip- 
ment was calibrated with a wet test 
meter having an accuracy of +1/2%. 


The quantity of hydrogen, propane, 


Table 1—Standard Chemical Compo- 
sitions of 5083 Plate Alloy and 5183 
Filler Wire 


Che 
com Alloy 
IS 
Silicon, may 0.40 0.40 
Iron, mas 0.40 0 40 
Copper, max 0.10 0.10 
Manganes« 0.50-1.0 0.50-1.0 
Magnesium 104.9 4.3 -5.2 
Chromium, max 0.25 0.25 
Zine, max 0.25 0.25 
Titanium, max 0.15 0.15 
Balances 

* Bervilium, 0.0005°, maximum 
oxvgen and chiorine dded to the ar 
area is reported in cubi entimeters 
per minute (cue cm, min The quan- 


titv ol Water vapor is reported in grams 
per minute gy min) of moisture enter- 


ing the are area 


The base metal used throughout the 
study was * «in. thick 5083 aluminum 
alloy The filler wu vas 5183 alumi- 
num alloy of n. dian rhe stand- 
ard chen if compositions ol these two 
illovs appear 

A rectifier power source with a rising 
volt-ampert haracteristic Was used 
throughout the progra All welding 
was automatic with stationary torch 
ind moving workpiece { 60-deg V- 
joint design ised and the 
welds wert ympleted in « ther three or 
four passes Ail welds were made in 


the flat position With an on outer 


shielding gas at 1 ! 

The hase motel was cleaned by caus- 
tic etching loliowed =| a nitric-acid 
rinst Wire brushing between weld 
passes constituted the on idditional 


All filler wire used in this portion ot 
the investigation was required to pass 
stringent weld-quality tests. Only wire 
capal 


clear multiple-pass welds under norma! 


je of producing radiographically 


conditions Was acce pted 

The quantity of each specific contami- 
nating agent necessary to produce a weld 
of very poor quality was determined 
by making a series of welds with vary- 
ing amounts of the contaminator added 
to the are area The series produced 
with the hvdrogen additive is illustrated 


in Fig. 4; similar series were run with 
propane water vapor and oxygen. 
Radiography was used for evaluation 


of welds made with the porosity-forming 
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contaminators (hydrogen, propane and 
water vapor). The effect of oxygen was 
evaluated by fracture examination since 
it produced dross not easily detected by 
radiography. 

The quantity of each contaminating 
agent necessary to produce a weld of 
very poor quality was found to be as 
follows: 


Hydrogen 8.5 cu em/min 
Propane 1.3 cu cm/min 
Water vapor L.4 g/min 

Oxvgen 210 cu em/min 


The weld quality achieved with these 
amounts of hydrogen, propane, water 
vapor and oxygen are illustrated in 
the control welds, Figs. 5a, 6a, 7a and 
Sa, respec tively 

A series of 13 welds was then made 
in each contaminator series with the 
above control level of contaminator 
present in each weld and with chlorine 
flows of either 0.5, 1.5, 3.0, 10 or 20 cu 
em/min. These flows were at random 
throughout the series to minimize the 
effect of « xperiume ntal error. Each 
series also included three welds with no 
chlorine addition. The resulting welds 
were evaluated either by radiography 
or by examination of fractures as noted 


above 


Experimental Results 

The deleterious effect of each of the 
contaminating agents studied was com- 
ple tely counteracted by additions of 20, 
10 or 3. cu em/min of chlorine to the are 
area during welding (Figs. 5, 6, 7 and 8). 
The seavenging effect of chlorine gener- 
allv was less at lower flow rates, and the 
results became somewhat erratic. For 
example, a flow of 1.5 cu em/min of 
chlorine almost completely overcame 
the effect of propane contamination, 
vet the same quantity of chlorine only 
partially overcame the effects of hydro- 
gen, water vapor and oxygen. At the 
lowest chlorine addition (0.5 cu em 
min), the quality of the resulting welds 
began to approach those of the controls 
except for the oxygen series (shown in 
Fig. 8) which still showed a remarkable 
reduction in dross level. 


Effect of Chlorine on Welds Made 
with Purposely Contaminated Filler 
Wire 

The above tests had conclusively 
shown that chlorine addition could over- 
come the deleterious effects of various 
gaseous contaminators in the are area. 
The process was then carried one step 
closer to practical conditions by a study 
of the effect of chlorine additives on the 
quality of multipass flat-position inert- 
gas metal-are welds made with pur- 
posely contaminated filler wire. 

Two filler wires, both of 5356 alumi- 
num alloy, were used in this study. A 
hydrated oxide was produced on one 
wire by heating it in steam. The other 
wire was used in the as-drawn condi- 


(a) No hydrogen 


(b) 0.45 cu cm/min hydrogen 


(c) 4.8 cu cm/min hydrogen 


(d) 8.7 cu cm/min hydrogen 


Fig. 4 Radiographs illustrating the interrelationship between weld porosity level 


and hydrogen content 


(a) Control weld 
8.7 cu cm/min hydrogen 
No chlorine 


(b) 8.7 cu cm/min hydrogen 
20 cu cm/min chlorine 


(c) 8.7 cu cm/min hydrogen 
10 cu cm/min chlorine 


(d) 8.7 cu em/min hydrogen 
3. cu cm/min chlorine 


(e) 8.7 cu cm/min hydrogen 
1.5 cu em/min chlorine 


(f) 8.7 cu cm/min hydrogen 
0.5 cu cm/min chlorine 


Fig. 5 Radiographs showing effectiveness of chlorine additive on hydrogen 


contamination 
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(a) Control weld 
1.3 cu cm/min propane 
No chlorine 


(b) 1.3 cu cm/min propane 
20 cu cm/min chlorine 


(c) 1.3 cu cm/min propane 
10 cu cm/min chlorine 


(d) 1.3 cu cm/min propane 
3. cu cm/min chlorine 


(e) 1.3 cu cm/min propane 
1.5 cu cm/min chlorine 


(f) 1.3 cu cm/min propane 
0.5 cu cm/min chlorine 


Fig. 6 Radiographs showing effectiveness of chlorine additive on propane con- 


tamination 


tion, i.e., with the normal amount of 
residual drawing lubricant on the wire 
surface. 

The radiographs of Fig. 9 show the 
marked benefit due to a chlorine addi- 
tive of 20 cu cm/min when welding 
with the filler wire contaminated with 
hydrated oxide. The deleterious effect 
of this oxide was completely counter- 
acted by the chlorine addition and a 
radiographically clear weld was pro- 
duced. 

The radiographs of Fig. 10 show the 
equally marked benefit resulting from 
addition of chlorine when welding with 
the filler wire in the as-drawn condi- 
tion. Again, the effect of the con- 
tamination was completely overcome 
and a radiographically clear weld was 
produced. 


Effect of Chlorine on Welds Made 
with Commercial Filler Wire 

As mentioned in the introduction to 
this paper, clean filler wire may become 
contaminated during storage. As a 
result, fabricators continue to be 
troubled with weld unsoundness at- 
tributable to poor wire-surface quality. 
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The success of chlorine additives with 
both gaseous contaminators and pur- 
posely contaminated filler wires indi- 
cated that additions of chlorine to the 
are area should also be successful in 
overcoming the deleterious effect of 
contamination occurring naturally on 
the wire 

The testing of a large number of 
welds. with and without addition of 
chlorine to the arc area, is required to 
establish firmly the effect of chlorine 
on the quality of welds made with 
commercial wire. However, the fol- 
lowing limited test series does proy ide 
an indication of the effectiveness. 

Thirteen spools of -in. diam inert- 
gas metal-are filler wire of the Al-Mg 
type were evaluated with and without 
These 
wires were representative of the com- 
production of three major 
The wires, of unknown qual- 


chlorine addition to the are area. 


mercial 
suppliers. 
ity, had been held up to three years in 
dry storage. 

A conventional argon weld and a weld 
with chlorine addition were made con- 
secutively in '/,-in. plate for each spool 
of wire. Two layers of wire were re- 
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moved from each spool before welding 
to eliminate the variable quality often 
found in surface layers of wire. All 
welds were multipass in the flat posl- 
tion. Evaluation was by radiography. 

All 13 welds made with chlorine addi- 
tive were found to be radiographically 
clear. Three of the 13 conventional 
welds contained porosit to an extent 
approaching that of thi control welds 
in the gaseous contaminator series. 


The remaining conventional welds were 


ot excellent q 


Discussion of Results 

These data indicate that addition 
of minute quantities of chlorine to the 
metal-are 


yunteract hy- 


are area during inert-gas 
welding will effectivel 
drogen, propane, water vapor and oxy- 
gen when each contaminator is present 
in the are area in sufficient quantity to 
affect the quality of the welds seriously 
Furthermore, the data indicate that 
chlorine additions are effective in coun- 
teracting the deleterious eftiects con- 
tamination on the filler-wire surface. 
Thus far, data have not been accumu- 
lated on the effectiveness of chlorine 
addition when welding with alloys other 
than the Al-Mg type, nor has the effec- 


tiveness of the addition been fully 


welding. 
The results of the studv hold a two- 


fold significances First. the use of 


evaluated in out-of-position 


chlorine additives provides the fabrica- 
tor with a means of insuring the quality 
of flat-position welds in Al-Mg alloys. 
Secondly the data indicate that the 
use of chlorine can obviate expensive 
wire cleanin hile main- 
taining weld quality, thus effecting a 
significant 
welding alloys of the 

The data indicate that a flow rate of 
from 3 to 20 cu em/min of chlorine is 
required for best results. A flow rate of 
10 cu em/min Is recommended This 
eniently achieved through 
use of an argon-chlorine mixture con- 
taining from 1 to 3° 


chlorine by 
Metering becomes difficult at 


higher chlorine percentages while an 


volume 


CXCeSSIVE ly high flow rate of the mixture 
ontent is 


very low The 97% argon 3%, chlo- 


is required if the chlorine 
rine mixture has been found to be very 
satisfactory d chlo- 
rine additive rate can be obtained with 
a total flow of 0.5 cfl iis mixture 
through the contact tube of the welding 
torch It is recommended that all 
chlorine additive mixtures have a dew 
point below 10°F, 

The presence of chlorine in the are 
area slightly increases the amount of 
spatter and also results in a slight loss of 
magnesium during transfer across the 
are. Both these effects were found to be 
of negligible importance 

It was observed that the presence of 
chlorine in the are area reduced the 
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visible ‘cleaning action” of the arc to an 
extent somewhat proportional to the 
amount of chlorine present. For ex- 
ample, the cleaning action was appreci- 
ably reduced at a chlorine flow of 20 cu 
cm/min while very little reduction was 
evident at a flow of 0.5 cu em/min. 

Weld beads were slightly narrower 
when chlorine was present in the arc 
area than when chlorine was absent. 
In some cases, this might necessitate a 
change in pass placement or an increase 
in the number of passes. Narrowing 
of the weld bead is probably related to 
diminishing of visible cleaning action. 

Welding with minute quantities of 
chlorine added to the are area as de- 
scribed in this paper can be safely ac- 
complished in any welding area ade- 
quately ventilated for normal welding. 
The presence of chlorine is indicated 
only by a slight odor which welders have 
not found objectionable. No ill ef- 
fects have been sustained by any per- 
sonnel during several vears of welding 
with chlorine additives. 

While the mechanism by which chlo- 
rine counteracts weld contamination 
has not been established, experimental 
evidence indicates that the mechanism 
described in the following theory ac- 
counts for at least a part of the seaveng 
ing effect. 

The rate at which gas escapes from a 
weld pool is determined primarily by 
the rate at which the gas bubbles can 
rise to the pool surface through the 
If the rate is fast 
enough to permit most of the gas to 
before the pool solidifies, the 


molten weld metal 


escape 
weld will be of good radiographic qual- 
ity The time during which the weld 
pool is molten is determined by the 
rate of heat extraction from the weld 
ind by the solidification range of th 
weld metal These factors may be 
considered to be constant for any given 
set of welding conditions and alloy 
combination. Consequently, the fluid- 
itv of the molten metal is the only 
could alter the rate at 
which gas escapes from the pool. The 
present theory assumes that the pres- 
ence of dross in the weld pool reduces 
its fluidity, thereby reducing the rate of 
escape ot the gas and lowering the weld 


variable w hich 


quality. Thus, removal of porosity is 
contingent upon dross removal. 

Argon gas of high purity is used to 
shield both the are area and the weld 
pool during inert-gas metal-are welding, 
vet small particles of dross are fre- 
quently found in weld metal. Where 
How does it 
get into the weld pool? To answer these 


does this dross originate? 


questions, some of the characteristics 
of the filler wire and of metal transfer 
across the arc must be considered. 

The oxide film which naturally de- 
velops on aluminum alloys is normally 
very thin. 
cating practices or poor storage condi- 


However, improper fabri- 


27 4-s 


— 


Control weld 
1.4 g/min water vapor 
No chlorine 


(b) 1.4 g/min water vapor 


20 cu cm/min chlorine 


(c) 1.4 g/min water vapor 
10 cu cm/min chlorine 


(d) 1.4 g/min water vapor 
3 cu cm/min chlorine 


(e) 1.4 g/min water vapor 
1.5 cu cm/min chlorine 


(f) 1.4 g/min water vapor 
0.5 cu cm/min chlorine 


Fig. 7 Radiographs showing effectiveness of chlorine additive on water vapor 


contamination 


tions frequently cause a heavy oxide 
coating to develop on the wire. This 
heavy oxide coating obviously consti- 
tutes one source of dross in the weld 
metal. Moreover, this oxide could ad- 
sorb moisture or gases and it could con- 
tain water of hydration, all of which 
would contribute to dross formation in a 
weld. 

Experience has shown that welds 
made with alloys containing relatively 
large quantities of magnesium are 
generally less sound than welds made 
with alloys of similar freezing range but 
which contain little or no magnesium. 
It is known that magnesium-containing 
alloys have a greater tendency to form 
and entrain dross and gas bubbles 
during casting. This is attributed pri- 
marily to the high reactivity of the 
magnesium. It is considered likely that 
this reactivity causes formation of sub- 
microscopic oxide films on the surface 
of the metal droplets during transfer 
across the are column during welding. 
The oxygen for this reaction is believed 
to originate primarily from the filler- 
wire surface as explained above and 
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possibly from air introduced through 
the contact tube. The oxide films thus 
formed would be carried into the weld 
pool by the molten droplets 

Dross could also be introduced into 
the weld pool as a result of oxidation of 
metal vapor in the are area. It is be- 
lieved that a large portion of the metal 
vapor in the are area results from 
vaporization of metal from the droplets 
as they traverse the are. It is further 
believed that the higher vapor pressure 
of magnesium as compared to alumi- 
num undoubtedly increases the amount 
of metal vapor in the are area when 
welding with Al-Mg alloys. This vapor 
may readily combine with any oxygen 
present in the are area to form magne- 
sium oxide which would be driven into 
the weld pool by the force of the are. 

It is possible that chlorine present 
in the are area acts to break up any 
oxide film already formed. This reduces 
the possibility of the oxide forming con- 
tinuous films in the weld pool. As a 
result, the fluidity of the weld pool is 
increased, with consequent improve- 
ment in weld quality. 
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It is assumed that some oxide enters 
=* the weld pool despite the presence ol 
& 4 Contval chlorine in the are area. Also, it is 


ASS “l ths enme chlorine is 
No chlorine assumed that some hiorin is intro 


“« 
» 


duced into the weld pool by the action 
of the are This chlorine can then act 


as a fluxing agent upon oxide films and 


. 


dross, bringing them to the metal sur- 


face and increasing the fluidity of the 


i 


(b) 210 cu cm/min oxygen 
20 cu cm/min chlorine 


pool. This facilitates release of gas and 
dross and is reflected in improved weld 
quality It is also POSSI) that chlo 
rine fluxes the surface of the weld pool 
to facilitate the escape f gas, dross and 


other contamination from the molten 


210 cu cm/min oxygen 
10 cu cm/min chlorine 


(c 
metal 


The reactions proposed in the above 


theory should caus i dross film to 


appear on t he suriace ol the weld bead 


Such dross films, evidenced by a darken- 
da 4 ; ing of the weld bead, are a characteris- 
(d) 210 cu cm/min tic of welds made with chlorine addi- 
Other theories have also been sug- 
gested in which the scavenging action is 
attributed to ionization of gas in the are 
Py j column or in which a chemical reaction 
4 j ; (e) 210 cu cm/min oxygen of a different type s hvpothesized 
Ba | e re 
5 cu cm/min chlorin \rhe authors will weleome discussion on 
this subject from interested parties 
Mechanical Properties of Welds 


| Made with Chlorine Additions 


| As mentioned in the introduction, the 
| f 210 cu cm/min ox en 
(f) ye addition of chlorine to the shielding gas 
0.5 cu cm/min chlorine 
Sh had been found to result in a significant 
>? pe, improvement in static mechanical prop- 
erties as Well In a distinct unprove- 


Fig. 8 Weld fractures showing effectiveness of chlorine additive on oxygen con- ment in weld soundness. For example, 
tamination. (Black spots on fracture denote dross) the average transverse tensile strength 


of one group of welds was increased trom 


or 


39.700 psi to 43,300 psi, reflecting the 
) improvement in quality due to chlorine 
addition. The average elongation values 
a i (a) Conventional argon weld, no chlorine used obtained from the same group of welds 
. | increased from 12.4 t 17.99, The 
ld impro ement n qualit ( btained by 
i” addition of chlorine through the con- 


tact tube is described in this paper, 


mav be expected to result in a similar 


(b) Argon plus 20 cu cm/min of chlorine added increase in weld properties. The statis- 
I 
tal to the arc area tical significance of such an increase 
ta 

ean only be determined after data have 
been accumulated on a large number of 
t ~ 

welds These data are now being ac- 


her Fig. 9 Radiographs showing the effectiveness of chlorine additive when using a 
ure welding wire coated with hydrated oxide 


cumulated for presentation in a subse- 


que nt pape! 


Conclusions 


en 1. A-small amount of chlorine intro- 
por duced into the arc area permits radio- 
ren (a) Conventional argon weld, no chlorine used graphicalh clear flat-position inert-gas 
he- metal-ar welds to be produced in Al- 
nto Me allovs despite the presence of large 


amounts of gaseous ontamination in 


My (b) Argon plus 20 cu cm/min of chlorine added 2. Chlorine is equally effective with 
wire to the arc area hydrogen, propane and water vapor 
on- when these materials are present in 
ne sufficient quantities to make comparably 
5 unsound welds 

ve- : Fig. 10 Radiographs showing the effectiveness of chlorine additive when using a 3. Chlorine is also effective in re- 


welding wire contaminated with drawing lubricant (i.e., as-drawn) moving dross resulting from oxygen 
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additions to the are area. 

!. With addition of a small amount 
of chlorine to the are area, radiographi- 
cally sound welds may be made with 
wire contaminated by a hydrated oxide. 

5. Results indicate that addition of 
small amounts of chlorine will overcome 
the deleterious effects of natural con- 
tamination occasionally found on com- 
mercial welding wire of the Al-Mg type. 

6. By making the filler-wire quality 
less critical, chlorine additions could 
possibly lead to a substantial reduction 
in welding cost. 

7. For optimum results chlorine 
must be added to the are area through 
the contact tube of the welding torch. 

8. The maximum benefit from chlo- 
rine addition can be expected when 
chlorine is added to the are area as an 
argon-chlorine mixture with the flow 
rate adjusted to introduce chlorine at 
the rate of 3 cu cm/min or greater. 
A chlorine additive rate of 10 ecu em 
min is suggested as optimum. This is 
most conveniently achieved by passing 
0.5 efh of a 97% argon —3% chlorine 
mixture through the contact tube. 


9. Welding with minute quantities 
of chlorine added to the are area as de- 
scribed in this paper can be accom- 
plished safely in any welding area ade- 
quately ventilated for normal welding. 

10. Copper-alloy components of the 
welding installation must be protected 
against corrosion by the chlorine. 
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APPENDIX 


Small amounts of chlorine will form 
cuprous and cupric chloride corrosion 
products in portions of the welding 
equipment fabricated from copper al- 
loys unless precautions are taken. 
Protection is required only where the 
chlorine-containing gas is in contact 
with the susceptible parts, i.e., in the 
chlorine additive line and in the adapter 
and contact tube of the welding torch. 

Regulators, fittings and hoses of a 
type resistant to dry chlorine should be 
used in the chlorine additive line. 
These components are available at a 
reasonable cost. The adapter and con- 
tact tube should be nickel plated. 
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Symposium on Titanium (STP No. 204). 
214 pages, 6 by 9 in. Hard cover. 
Price $4.75. Published by American 
Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 

Aside from uranium, probably no 
metal in the past decade has so captured 
the interest of the metallurgical indus- 
try as titanium. It is a good metal, 
with a combination of availability, 
lightness with strength and corrosion 
resistance that makes it of particular 
interest to the aeronautical industry. 
This interest, with support from the De- 
partment of Defense, has resulted in 
phenomenal progress in the commercial 
and technical development of this rel- 
atively new metal of construction. 

This symposium brings together 14 
papers designed to give good technical 
information on which to base specifica- 
tions. These papers pertain primarily 
to property evaluation. The sympo- 
sium was originally presented during the 
2nd Pacific Area National Meeting, Los 
Angeles, Calif., and sponsored by Com- 
mittee B-2 on Non-Ferrous Metals and 
Alloys. The book is illustrated, and 
many of the papers contain references. 

The contents of the book follow: 

“Introduction,”’ Bruce W. Gonser: 
“Variables Affecting the Thermal Sta- 
bility of Three Titanium Alloys,” F. R. 
Schwartzberg, N. D. Williams and R. I. 
Jaffee; “The Effect of Temperature on 
the Uniform Elongation of Titanium 
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Alloys,” F. C. Holden, H. R. Ogden and 
R. I. Jaffee; “The Effect of Composi- 
tion and Annealing Treatment on the 
Thermal Stability of Chromium-Molyb- 
denum Alloys of Titanium,” H. R. 
Ogden, F. C. Holden and R. I. Jaffee; 
“Elevated-Temperature Properties of 
the 6 per cent Aluminum, 4 per cent 
Vanadium Titanium Alloy,” W. M. 
Parris, R. G. Sherman and H. D. Kess- 
ler; “Development of Titanium-Base 
Alloys for Elevated Temperature Ap- 
plication,” F. A. Crossley, W. F. Carew 
and H. D. Kessler; “The Effects of 
Carbon and Nitrogen Contamination on 
the Notch Tensile Properties of Tita- 
nium,” E. P. Klier and N. J. Feola; “A 
Micro Notched-Bar Impact Test for 
Titanium Alloys,” F. C. Holden, H. R 
Ogden and R. I. Jaffee; ““The Measure- 
ment of Elastic Modulus of Titanium 
Alloys,” W. H. Graft and W. Rostoker; 
“The Corrosion and Ignition of Tita- 
nium in Fuming Nitric Acid,” John B. 
Rittenhouse; ‘“Unalloyed Titanium 
Sheet Is Improving,” H. A. Barry and 
Leo Schapiro; “How Statistical Tech- 
niques Helped Achieve Better Uniform- 
ity in Unalloyed Titanium,” Chester R. 
Smith; “Properties and Fabrication 
Characteristics of Wrought Titanium 
Products,” Leston B. Stark; “Develop- 
ment of Standardized Specimen Prep- 
aration and Testing Techniques for 
Unalloyed Titanium Sheet,” R. L. 
Folkman and M. Schussler; and ‘‘De- 
termination of Gaseous Elements in 
Titanium,” R. M. Fowler. 
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REINFORCEMENT OF OPENINGS IN 
PRESSURE VESSELS 


A review of studies in this field during the past quarter century 


BY E. O. WATERS 


There is nothing original or obscure in 
the statement that a stressed plate is 
weakened when material is removed 
from it, and the statement is true re- 
gardless of whether this removal of ma- 
terial constitutes a rivet hole in a struc- 
tural member, an opening in the hull of a 
ship or a manhole or nozzle connection 
in a boiler drum. However, the less 
obvious fact, namely, that the weaken- 
ing is not necessarily proportional to the 
amount of material removed, and can- 
not be compensated by merely adding 
equal material close to the opening, has 
required time for its complete accept- 
ance, and has resulted in much uncor- 
related, exploratory testing and a fair 
amount of theoretical study, the latter 
almost always based on the well-known 
plane stress problem of the stress con- 
centration around a circular hole in a 
stretched plate of infinite length and 
breadth. 

It is the purpose of this paper to give 
a short account of some of the develop- 
ments in this field, emphasizing those 
that have occurred since 1930. The 
aim has been to review briefly what has 
been done, without criticism, and to 
point out the gaps in our present know]- 
edge that the Pressure Vessel Research 
Committee is attempting to fill. Fa- 
tigue tests and tests involving external 
loads are excluded almost entirely, and 
for two reasons: first, they have not 
been carried out on a large scale until 
quite recently, and second, those who 
are directing such tests are in a much 
better position than the present writer 
to report on this phase of pressure-ves- 
sel research. 
Early Background 

As far back as the year 1894, inter- 
estingly enough, C. Bach wrote briefly 
on “A weak point in many of our steam 
boilers.”” Nine years later he reported 
on an experiment that he performed 
following a recent boiler explosion. The 
boiler, of wrought iron construction, 
failed due to fractures that originated 
at the edge of an unreinforced manhole 
E. O. Waters is associated with the Dept. of 


Mechanical Engineering, Yale University, New 
Haven, Conn. 
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opening. To throw light on the sub- 
ject, two cylindrical cast-iron vessels 
were built (Fig. 1), 2 ft in diam and 5 ft 
long, one with no side opening and the 
other with an elliptical manhole 11!/, 
x 14'/, in., with the major axis parallel 
to the axis of the vessel.* When tested 
to destruction, the relative bursting 
pressures indicated a ratio of strengths 
of the two vessels of 3.27:1. Bach 
concluded that the weakening was due 
to stress concentration at the edge of 
the manhole, combined with bending 
stresses induced by the method of se- 
curing the cover; he also pointed out 
that the major axis of the hole should 
be perpendicular to the axis of the ves- 
sel—a fact that seems to have been ig- 
nored at the time, though certainly rec- 
ognized today.! 

Subsequent to this, considerable work 
was done and several papers published 
on the general subject of the design of 
evlindrical vessels with dished heads, 
» the 
effect of openings. This situation was 


but without special attention t 


altered in 1926, when Siebel and Koer- 
ber published the results of an “Inves- 
tigation of Strain and Deformation in 
Dished Heads with and without Man- 
holes, Loaded by Internal Pressure.” 
The tests had been performed for the 
August Thyssen steel mills, and in- 
cluded twenty heads ranging from flat to 
hemispherical, among which were three 
semi-ellipsoids with 4:1 diameter-depth 
ratio and fifteen basket forms with var- 
ious depths and knuckle radii; all had a 
diameter of 51 in. and 0.787-in. wall 
thickness. Nine were full heads. four 
had an offset manway one quarter of the 
vessel diameter from the side, and seven 
had central manways, all but two of 
which were flued inward according to 
customary practice; these two were 
flared out, or “drawn.” 
were taken in the following order: (1) 


Observations 


measurement of elastic deformation and 
determination of the commencement of 
permanent strain and the permissible 


loading for (2) and (3); (2) measure- 


* Metric dimensions have 
their approximate English eq 
this paper 


been converted to 
valents thre ughout 
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Fig. 1 Bach's cast-iron test vessels 


ment of changes of urvature; 3) 


strain measurements on the outer sur- 


face; measurement of permanent 
deformation and noting the appearance 
of flow 5) measurement of elastic de- 


formation after the preceding perma- 
nent set 


the head, normal to the surface. were 


lacements of points on 
measured by a set of dial gages adjust- 
ably mounted on a rigid yoke that 
spanned the head; changes of curvature 
were measured bv a spe instrument 


carrying two dial ges and contacting 


the head at four points in a line, A 
mechanical strain gage with gage length 
adjustable from to 2 in. was used 


for direct measurement of strains, and 
lime wash was applied for the detection 
of plastic strains 

tesults are tabulated in the report 
for the pressures at which permanent 
deformation took place, maximum elas- 
tic displacement and maximum stress 
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at 10 atmospheres pressure, and three 
stress ratios for the actual maximum 
stress compared with the nominal stress 
computed for (a) basket heads having 
the same crown radius, (b) ellipsoidal 
heads having the same depth, and (c) 
hemispherical heads having the same 
semi-diameter. The highest stresses 
always occurred on the inner surface at 
the knuckle and the outer surface at the 
crown ofr manhole edge. The heads 
with manholes gave unacceptably high 
stresses as compared with the full heads, 
and led the investigators to suggest six 
means of reducing them: increase the 
distance between manhole and knuckle, 
increase the wall thickness throughout 
the head, increase the wall thickness 
near the manhole, stiffen up the edge of 
the manhole, make the manhole more 
nearly circular, and finally, improve the 
over-all geometry of the head form near 
the manhole in accordance with good 
practice in stress distribution. As an 
example of the latter, the drawn, or 
recom- 


extruded, form was especially 


mended, as that would be the natural 
shape assumed by a membrane under 
internal Doubtless there are 


few who realize that the contoured out- 


pressure 


let, now so frequently used for connec- 

tions of Dranch 

headers, was advocated at this early 


date as good geometry for regions of 


lines to manifolds and 


high stress concentration. 

In a second investigation reported by 
these same authors, twelve heads of 
similar form but greater wall thickness 

1*/, in were given the same tests 
It was found that the maximum stresses 
corresponded in a general way with those 
of the 0.7S87-in. wall heads, taking the 
difference in thickness into considera- 
tion, and were affected primarily by the 
depth of head. Finally, five heads with 
cireular-bored unreinforced openings of 
various diameters were tested: again 
high ring stresses were obtained around 
the edges of the 
amount with the size of the hole, and 
again the investigators recommended 
that they be minimized by improving 
the geometry of the crown, reducing the 


holes, increasing in 


curvature to zero along the meridians 
cone head with basket knuckle) or re- 
versing the curvature to obtain an out- 
ward flare. 


Theoretical Investigations 


A glance at any report of pressure 
vessel research on openings that men- 
tions theory will convince the reader 
that the fundamental two-dimensional 
analysis of an infinite plate with a cen- 
tral hole and a uni-directional load is, 
almost without exception, relied upon 
as the starting point for any further de- 
velopment. This analysis, as is well 
known, is credited to Kirsch who pub- 
lished it in IS98. The reader is also 
apt to find the statement that the 
Kirsch solution, while helpful, is quite 
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RING 


Fig. 2 Beskin’s form of reinforced 
opening 


inadequate except for very small open- 
Further- 
more, researchers generally agree that 
factor 3. of 
Kirsch’s solution, which becomes 2! 

for the two-dimensional loading in a 
evlindrical increases as some 
function of the ratio of opening diameter 
to vessel diameter, but the exact form 
of this function remains elusive. Most 
theoretical analyses are simply adap- 
tations of Kirsch’s solution to fit differ- 
ent geometries, while keeping the anal- 
strictly within the two-dimen- 
sional domain. Much of this work has 
been done by stress analysts in the field 
of aireraft design; although they are 
dealing with large diameter, thin-walled 
structures, the basic problem of open- 


ing-to-vessel diameter ratios. 


the stress-concentration 


vessel, 


ings reinforcement is the same for them 
as for the manufacturer of thick-walled 
vessels for high pressure. 

A good example of the foregoing is a 
paper by Beskin that appeared in 1944.° 
This is a theoretical analysis of an in- 
finite plate with a circular hole rein- 
forced by a so-called ‘‘ring”’ (i.e., a pair 
of equal circular pads surrounding the 
hole on both sides of the plate) or by a 
“rim’’ (a ring having negligible radial 
width and no bending stiffness) concen- 
trated at the edge of the hole, or by a 
combination of ring and rim, as shown 
in Fig. 2. Although the illustrations 
and examples in Beskin’s paper indicate 
the use of rims of considerable length 
(measured normal to the plane of the 
plate) the analysis is purely two-di- 
mensional and no discount is taken for 
rim material that is far removed from 
the plane of the plate. Three condi- 
tions of loading are considered: (a) uni- 
form all-around tension on the plate, or 
“hydrostatic” loading, (b) pure shear at 
infinity and (c) a combination of (a) 
and (b) giving uniform tension in one 
direction. Beskin finds that, with the 
simplifving assumptions that he makes 
for the properties of a rim, it is possible 
to reinforce the plate under hydrostatic 
loading so as to have a stress index of 
unity; various configurations will do 
this, but the one that requires the least 
amount of reinforcing material is a com- 
bination of rim and ring in which the 
OD of the ring is twice the hole diameter, 
the combined thickness of plate and 
ring is 25% greater than that of the 
plate, and the cross-sectional area of 
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material added in the rim is 75% of 


that removed in thehole. All reinforce- 
ments are balanced in Beskin’s deriva- 
tions, and it should be noted that his 
stress-concentration factors are com- 
puted on the basis of the strain-energy- 
of-distortion theory of failure, rather 
than the more usual maximum-normal- 
stress theory. 

This paper has received considerable 
attention from British investigators, 
and one finds frequent reference to it in 
their reports. It 
stress ratios and stress-concentration 
factors worked out for a great variety of 
proportions, including rim without ring, 
ring without rim, and rim and ring com- 
binations consisting of rolled angles with 
equal legs, all with the three different 
kinds of loading previously mentioned. 
The rim-without-ring studies show the 
detrimental effect of over-reinforcement, 
i.e., an area of reinforcement equal to 
1 /(1—Poisson’s ratio) multiplied by the 
area of metal removed gives a stress- 
concentration factor of unity (under 
hydrostatic loading) whereas greater 
areas for the rim give factors greater 
than unity. In Beskin 
states that, in general, the best rein- 
forcement is obtained with flagges con- 
centrated as closely as possible at the 
edge of the hole, or with combinations 
of flanges and thick collars (so-called 
doubler plates). With a total area of 
reinforcement of 0.8 X (area of metal 
removed), stress-concentration factors 
may be held to 1.3 for hydrostatic loading 
and 1.5 for unidirectional loading. 

A further extension of the hole-in- 
plate analysis appeared in 1948, in a 
report by Levy, McPherson and Smith.‘ 
Like the work of Beskin and that of 
Gurney, another stress analyst in this 
field, the derivations are all strictly two- 
dimensional. Four forms of reinforc- 
ing rings, or doubler plates, were inves- 
tigated, and formulas were derived for 
the radial and tangential stresses and 
the radial enlargement, under uniform 
all-around tension. Two of the rings 
tapered asymptotically from a thickness 
of 2t at the edge of the hole to ¢ at in- 
finitv, according to the formulas 1 + 
(a/r)? and 1 + (a/r)*, where a = hole 
radius and r = arbitrary radius greater 
than a; a third ring had a constant 
thickness of 2¢ and an outside radius of 
2a, with a sharp taper at the outside 
simulating a fillet weld; the fourth had 
a shape determined by numerical inte- 
gration such that the tangentia! stress 
was constant at all radii. This so- 
called “ideal shape” turned out to be a 
thin ring, much wider (in the direction 
of the axis of the hole) than the plate 
thickness, and hence somewhat beyond 
the limits of two-dimensional theory. 
Stress concentrations were computed as 
the ratio of tangential stress at the 
hole edge to the stress at infinity, elon- 
gation ratio as the ratio of hole enlarge- 
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ment to the increase in size of an 
equivalent circle in the uncut plate sub 
jected to the same load, and volume ratio 
as the ratio of reinforcement volume to 
volume of material removed by cutting 
the hole. Some tabulated values are 
as follows: 


Elonga- 

Type of Stress lion Volume 
reinforcement index ratio ratio 
l + (a/r 

taper 1.52 2.17 Infinite 
1 + (a/r)* 

taper 1.65 2.36 1.00 
2t constant 

thickness 1.35 1.93 3.00 
Ideal 1 00 1.43 1.89 


It is seen that the ideal form is best 
for stress and elongation, and the steeply 
tapered form for weight. 

This report also includes a theoretical 
analysis of the stresses and displace- 
ments in a plate stretched in one diree- 
tion only, and reinforced with a doubler 
plate of arbitrary constant thickness 
and outside diameter; graphs are 
given for stress index, and hole enlarge- 
ment in the direction of pull, vs. volume 
ratio. These show that for a given 
volume of reinforcement the best pro- 
portions tend toward a small ratio of 
OD to ID. The lowest stress index il- 
lustrated is 1.2 (compared with 3.0 
for an unreinforced hole) and is ob- 
tained when the volume of reinforce- 
ment is four times that of the hole but 
the diameter ratio is only 1.2. With 
these proportions, the thickness of the 
reinforcement is over nine times that of 
the plate, again indicating an excursion 
beyond the bounds of two-dimensional 
theory. No consideration is given to 
the possibility of a critical stress occur- 
ring at any location other than the edge 
of the hole. 

The theoretical work reported in this 
paper was supplemented by tests on an 
A 178-T aluminum plate 16 in. wide, 
0.0525 in. thick and with a free length 
of 32 in. Strains were measured both 
with Tuckerman optical gages and re- 
sistance gages, and the effective width 
of the plate was increased by riveting 
angles to the longitudinal edges. Fight 
tests were made: one with no hole in 
the plate; one with a 4.12-in. hole un- 
reinforced; four with rings placed 
symmetrically on both sides of the plate, 
5.50 and 7.10 in. OD attached with 10 
and 20 rivets in a single row; one with 
the 7.10-in. OD rings attached with 40 
rivets in two rows; and one similar to 
the latter except that one ring was re- 
moved, making the reinforcement un- 
balanced. This last test was run to 
destruction, which occurred at one end 
of the plate rather than across the hole. 
Measured strains were piotted and com- 
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pared with theoretical strains deduced 
on the assumption of integral union be- 
tween plate and rings. The inade- 
quacy of the rivets was clearly shown 
in this comparison, as well as the fact 
that the 2-row arrangement of rivets 
came closest to the theoretical integral] 
construction. The final test showed 
that with unbalanced reinforcement, 
bending moments are set up which 
tend to pull the plane of the reinforce- 
ment into the plane of action of the load; 
this corroborates the experience of other 
investigators, and agrees with theoreti- 
cal results now being developed by the 
Pressure Vessel Research Committee. 


Research by United States Navy 


The next three items of interest sug- 
gest the importance of this subject of 
openings reinforcement quite beyond the 
field of tanks, pressure piping and chem- 
ical process equipment. In 1951, the 
Naval Ordnance Laboratory issued two 
reports authored by Tate,> giving a 
theoretical derivation of normal and 
shear stresses at the boundary between 
a so-called circular insert in a cylindri- 
cal shell, and the shell proper Bend- 
ing is neglected, and the treatment is 
simply that of a circular disk of thick- 
ness ¢, and elasticity FE, butt-welded 
into a circular opening in a shell of 
thickness ¢ and elasticity EL, subjected 
to external pressure. It is assumed that 
an actual insert, such as a ring welded 
to an opening in the shell, to which is 
bolted a circular plate, may be corre- 
lated with a theoretical disk of stiffness 
E yt, 
sults given in the report would be ap- 
plicable. It is further assumed that 


vy suitable tests, to which the re- 


the two-dimensional, flat-plate analysis 
is applicable to the curved wall of a cy- 
lindrical shell up to ratios ol insert-to- 
shell diameter not greater than '/,. 
Curves are included that give ratios of 
stresses at the insert boundary to the 
shell membrane stresses in the undis- 
turbed region, versus stiffness ratios 
Et/E\t;, and the point is emphasized 
that over-reinforcement may cause 
stress indices as severe as those produced 
by under-reinforcement 

Another report, released in 1956 by 
the David Taylor Model Basin, is note- 
worthy as being one of the few theoret- 
ical approaches that considers the open- 
ings problem from the three-dimen- 
sional viewpoint.® Galletly, in the 
first part of this report, gives a deriva- 
tion of “ec 
ment and rotation at a bounding edge 
due to unit moment or force at that 


lige coefficients” (1.e., displace- 


th 


edge) for a hemispherical shell having a 
circular opening at the crown. The 
basic differential equations used are 
those given in Timoshenko’s “Theory 
of Plates and Shells,’’ where the co- 
latitude @ is the independent variable, 
and the transverse meridianal shearing 
force Q, and the rotation V of a tan- 
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gent to the meridian are the dependent 


variables. Three methods of solution 
are demonstrated a) the Geckeler 
approximation, in which Qs and V and 
their first derivatives are neglected in 
comparison with their second deriva- 


tives; (b) the so-called Esslinger an- 
alysis (also used by Geckeler) where 
1/¢@ is substituted for cot ¢; (ce) the 


Love method, wherein an exact solu- 
tion is obtained | first transiorming 
the two basic equations to a single as- 


sociated Le gendre equation 


A numerical example is given for a 


hemispherical shell with ISl-in. mean 
radius, 2-in. wall thickness, and 10.5 
deg half-vertex angle subtended by the 
opening, and edge coefficients worked 
out by the three methods It is con- 
cluded that method s the simplest 
but gives errors up te 15Y method (b 
is reasonal!l easy ise and gives er- 
rors of only ethod (c) Is ac- 


curate if the Legendre functions are 


computed accurate but this is ex- 
tremely tedious since the functions are 
of complex degree \Mlethod (b) is rec- 
ommended, for values of @ up to 15 deg. 


An important part of the report is the 
inclusion of formulas for evaluating the 
stresses and displacements at the edge 
of the opening when it is joined to a cyl- 


inder of indefinite lengt! there is also 


an appendix giving methods lor 
computing the Legendre functions 

The design ot openings may he ol in- 
terest to the engineer is ¢ videnced 
by two contributions to “Engineering” 


London) by Hicks, in 1953 and 1954. 
The first article emphasizes the impor- 
tance of reintorcement of circular open- 
ings in load-bearing concrete walls, 
hox-type column foundations, et The 
slab is assumed to have the well-known 
two-dimensional stress distribution in 
flat plates with a central circular hole 
in this case, the hole is reinforced with a 
hypothetical ring ery thin in the 
radial direction, that possesses tensile 
strength but no resistance to bending, 
in short, resembling Beskin’s rim-with- 
out-ring combination In practice, 
such a ring would be represented by 
steel reinforcing bars. By equating 
the radial force on an element of ring 
to the radial force o1 iting element 
f the slab, and the tangential strain 
on the ring to the tangential strain on the 
slab at the same point, two boundary 
conditions are satisfied; all the remain- 
ing boundary conditions are fulfilled 
by invoking tangent equilibrium lor 
an element of the ring, and finite stresses 
at inhnity for the 


directional tension and zero shear 


tending to uni- 


In the first article. formulas are de- 
tangential and 
stress in the slab, 


rived for the radia 


s} ear components 


both for the general case of any point, 
and for the particular case of the cir- 
cumference of the hole. It is pointed 
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out that, with no reinforcement, the 
maximum stress is tangential in direc- 
tion, located at the edge of the hole, and 
is three times the stress at infinity (the 
well-known stress index of 3). It is 
further stated that this stress can be 
reduced by adding reinforcement up to 
a pomt at which the maximum tangen- 
tial stress equals the maximum shear 
additional rein- 
forcement only aggravates the maxi- 
mum stress in the slab. <A formula for 
the optimum area ol reinforcement in- 
dicates that it is approximately equal to 
ahE./Er, where a radius of hole, 
h thickness of slab, and BE. and Ep 
are the respective Young’s moduli for 
the slab and the reinforcement. 

In the second paper, Hicks has ex- 
tended his analysis to a reinforcing ring 
width but variable 


stress; beyond this, 


of constant (narrow 
depth; by varying the depth in a man- 
ner similar to the variation of tangential 
stress around the edge of the unrein- 

material is 
at the points 
where it is most needed. An example 
at the end of the paper shows that, 
variable depth is 


forced hole, reinforcing 


added, so it is claimed, 


when such a ring ot 
used, the stress index may be reduced 
from 3 to 1.525, whereas a ring of the 
constant depth reduces 
the index only to 1.744. The analysis 
articles is strictly two- 
dimensional. In the example cited, 
the average depth of the reinforcing 
ring is over nine times the plate thick- 
ness, vet all elements of the ring, even 
those farthest removed from the middle 
surface of the plate, are given full credit 


same weight but 


throughout bot! 


for reintoreing capacity 


Work Sponsored by National Ad- 
visory Committee for Aeronautics 


No review of openings investigations 
vould be complete without referring to 
the work of Hoff and his associates at 
the Brooklyn Polvtechnic Institute. 
This was sponsored by the National 
Advisory Committee for Aeronautics 
and the results, both theoretical and 
experimental, may be found in various 
NACA Technical Notes. Naturally, 
they show a decided slant in the direc- 
construction and are 


tion of aircralt 


scarcely appli ible to pressure-vesse] 
design in the usual sense, but they are 
noteworthy as acknowledging without 
anv reservation the fact that openings 
in the side walls of cylindrical shells 
present a three-dimensional problem. 
Technical Note 1014,* for example, con- 
siders the problem of stresses in a thin- 
walled shell stiffened by rings and string- 
ers, in which a cutout has been formed 
by the removal of certain panels. The 
problem is solved by assuming each 
panel (rectangular portion of shell 
bounded by a pair of stringers and a 
pair of rings) as a unit having boundary 
stresses and displacements that are 
tied together by known linear relations. 
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Furthermore, each panel is tied in with 
its neighbors by continuity of tractions 
and displacements at their boundaries, 
so that a set of linear simultaneous 
equations may be set up, the number of 
such equations being a function of the 
number of panels taken into considera- 
tion. Obviously, such a method can 
lead to a prodigious amount of compu- 
tation, and the great value of the Note 
lies in its suggestions of means for mak- 
ing this as little burdensome as possible. 

In another paper presented independ- 
ently,? Hoff has outlined a procedure 
for designing reinforcements for cut- 
outs in eylindrical shells of circular, 
elliptical, or any desired shape of cross 
section: the cutout also is not restricted 
as to shape. The method of analysis 
is to assume that the stresses in the shell 
should be unaffected by the presence of 
the cutout. To do this, a reinforcing 
ring is assumed at the edge of the cutout, 
and its cross-sectional dimensions are 
computed on the basis of a ring loaded 
by a distributed force equivalent to the 
stress pattern that exists in the uncut 
shell at the location of the edge of the 
cutout. This is a statically indeter- 
minate problem, which the author solves 
by invoking the displacements of ele- 
ments of the ring. For an arbitrary 
shape of cutout, and shells of noncircu- 
lar cross section, the necessary integra- 
tions may be carried out numerically as 
indicated. 

The paper is important for its accept- 
ance of the fact that the openings prob- 
lem involves more than simple plane 
stress. However, it appears that the 
method employed would not apply to 
pressure-vessel design except for very 
large openings in thin-walled vessels, 
where the reinforcing ring may be 
treated as a mere extension of the edge 
of the opening, with displacement of its 
elements so small that the assumed 
stress pattern in the shell is undis- 
turbed, and where its cross section, in- 
stead of being constant, may be ad- 
justed to suit the varying conditions of 
load and deformation that exist at dif- 
ferent points around the perimeter of 
the opening. In fact, Marguerre, in a 
paper published two years previously 
where substantially the same analysis 
is used but is restricted to the case of 
two circular cylinders intersecting at 
right angles, stated that his “calcula- 
tion is predicated on the assumption 
that this membrane stress pattern (in 
the undisturbed shell) is not materially 
affected by the elastic interference 
between the reinforcement at the open- 
ing and the thin wall of the vessel.” 

Almost without exception, theoretical 
attempts to solve the openings problem 
have assumed that the material remains 
wholly in the elastic state. However, 
NACA Technical Note 2073" offers a 
very ingenious procedure for finding the 
stress-concentration factor for the case 


W aters—Pressure Vessels 


of the hole in a flat plate, given any con- 
dition ranging from full elasticity to full 
plasticity across the critical section of 


the plate. The result is expressed in 
simple form: stress-concentration fac- 
tor = | + 2E./E, where E, is the secant 
modulus at the critical point on the 
edge of the hole, and £ is the secant 
modulus in the undisturbed region, pre- 
sumably equal to Young’s modulus. 
Factors computed from this formula 
were found to agree well with some ex- 
perimental results on 248-T3 aluminum 
sheet that had been reported in another 
Technical Note two years previously 
A companion formula for plastic strain- 
concentration factor was also derived, 
but the agreement with experimentally 
determined strain factors was not quite 
as satisfactory. 


Tests of Openings, 1930-50 


In 1934, the present writer collab- 
orated with J. Hall Taylor in the presen- 
tation of a report of one of the first com- 
prehensive series of tests performed in 
this country on pressure vessels to which 
standard conventional nozzles were at- 
tached."! Test runs were started in 
1931 and continued in 1932 and 1933 
using three cylindrical test 
(Fig. 3), each comprising a 42-in. ID 
shell with 2:1 ellipsoidal head at one 
end, the other end being swaged down 
to 34 in. ID and provided with a flat 
detachable closure permitting access to 
the interior. These vessels were each 
roughly 10 ft long, with wall thicknesses 
of */4, 1 and 1'/, in. In all, thirty-six 
tests were made, including those on the 
vessel before holes were cut for the at- 
Of these, six were tests on 


vesse!'s 


tachments. 
the vessel with no openings; 
tests of unreinforced openings 
diameters of 7, 8, 9, 11 and 13 in.; six 
were on openings reinforced with sweep- 
tvpe nozzles, six with straight-neck 
nozzles, five with welding necks, and 
two with welding nozzles; the maximum 
pressure was limited to maintain all 
points under observation within the 
elastic region. Finally, one test was 
run with all nozzles attached and 1000 
psi pressure applied. An interesting 
commentary on the state of pressure- 
vessel design at this period is given by 
the fact that twelve of the attachments 
riveted and only were 
Also, strains were measured 


ten were 
with 


were seven 
welded. 
by Berry strain gages with 2-in. gage 
length applied at points on longitudinal 
and circumferential lines laid off on the 
outer shell wall and carried on into the 
reinforcement. This is perhaps one of 
the last large-scale test programs in 
which mechanical gages were used, and 
much of the scatter in the recorded re- 
sults may be attributed to the difficulty 
of seating the gage points properly when 
moving the gages from station to sta- 
tion. Obviously, strains on the inner 
wall surfaces could not be measured, and 


WELDING RESEARCH SUPPLEMENT 


| 
| 
| 
| 
3 
Pri 
RE 
| 
th 


it would have been impossible to sepa- 
rate the membrane and bending stresses 
without measuring changes in curva- 
ture, in itself a procedure of doubtful 
accuracy. 

The unreinforeed holes that were lo- 
cated in the heads had diameters of 
7, 8 and 9 in., and yielded stress pat- 
terns similar in form to that obtained 
for a circular hole in a flat plate with 
all-around tension; the disturbed region 
extended about the same distance from 
the edge of the opening, and the minor 
(radial) stress followed the theoretical 
values closely; the major (circumfer- 
ential) stresses, however, instead of 
peaking at twice the undisturbed value, 
reached a maximum of 270% for the 
7-in. hole in the 1*/,-in. head, and 430% 
for the 8-in. hole in the 1'/s-in. head 
and the 9-in. hole in the 
Much the same kind of result was ob- 
tained for the unreinforced openings in 
the shells; the area of disturbed stress 
values was about as theory would pre- 
dict for a flat plate with central circular 
hole, 2:1 tension, and no lateral pres- 


s-in. head. 


sure, and the pattern of minor stress 
values also followed the predicted val- 
ues for such a loading fairly closely. 
But the major stresses, instead of peak- 
ing at 250% on the longitudinal axis 
and 50% on the circumferential, rose in 
some cases to over 500% and 260% re- 
spectively. In view of more recent 
tests in which strain gages were placed 
on both exterior and interior wall sur- 
faces, it is suspected that the maximum 
stresses at the edge of the openings, on 
the inside, were even higher than those 
just cited. 

The welding necks were inserted in 
the openings flush with the inside of the 
shell, and welded inside and outside; 
two of these were thick-walled forged 
items, one of which (Series 30) was 
tested both with and without a reinforc- 
ing collar welded to the vessel at ID 
and OD and giving a two-fold increase 
inreinforcingarea. A thin-walled (equiv- 
alent to extra heavy 6-in. pipe) weld- 
ing neck, was also tested with and with- 
out a collar, the increase in area of rein- 
forcement being practically four-fold. 
In all cases the peak major stress on the 
longitudinal axis was held to 130% of 
nominal value, or better, and on the 
circumferential axis there was marked 
improvement over the conditions for 
the unreinforced hole. The tests with 
collars showed a pronounced improve- 
ment in the region which they covered, 
but a very disturbing tendency to ex- 
hibit a peak just beyond the outside of 
the latter, that rose in one case to 235% 
of nominal hoop stress. The two weld- 
ing nozzles, forged with tapered hubs 
and machined to fit the outside of the 
test vessels, also gave a good account 
of themselves; the best results of the 
entire series were obtained with the 
welding nozzle on the 1'/,-in. wall ves- 
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Fig. 3. Test vessels at Taylor Forge and Pipe Works 


sel. where no stress greater than 120% 
of nominal was found at any point. 
Again, one must remember that these 
are outside surface stresses, and prob- 
ably not the maxima. 

Considerable attention was given to 
the tests of riveted connections, and one 
test of a sweep-type nozzle stud-welded 
to the vessel in lieu of riveting. How- 
ever, due to the obsolescence of these 
types of attachment, they need not be 
considered here. The general con- 
clusions to be drawn from the entire 
test program corroborate those of simi- 
lar programs conducted elsewhere, and 
confirm the following requirements for 
optimum design: thorough integration 
of reinforcement and main 
concentration of reinforcement as close 


vessel; 


to the edge of the opening as possible, 
both along the surface of the vessel and 
parallel to the axis of the hole; and 
avoidance of over-reinforcement result- 
ing in the shift of stress concentration 
from the edge of the opening to a point 
farther out. 

Several written discussions followed 
the presentation of the report of these 
tests, among which should be noted a 
theoretical contribution by Watts and 
Burrows, giving the results of studies 
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in the Engineering Department of the 
Standard Oil Co. of Indiana, in progress 
since 1929 In this discussion, the 
equations for a symmetrically placed 
doubler, or pair of collars, were intro- 
duced, and solutions obtained for the 
integral doubler with all-around tension 
in the plate, and for a doubler with fillet 
of arbitrary angle at the OD; the effect 


of pressure on the edge of the hole was 


also included 


cluded that such rei 


These investigators con- 
nforcement cannot 
be perfect stress index of 1.3 should 
be acceptable; also, for large holes in 
thin plate s, the reinforcement should be 
massed near the open hg whereas for 
small holes in heavy plates the reinforce- 
ment may be extended further out. 

One year after the report of these 
tests, Hennes pres nted a doctoral dis- 
sertation to the faculty of the Technical 
Institute of Aachen, in which he de- 
scribed an investigation of stresses 
around openings in (A) the upper drum 
of a duplex fire-tube boiler, (B) a spe- 
cially designed cylindrical test vessel.’ 
The drum was 62.9 in. in diam with 0.77- 
in. wall, and approximately 10 ft long; it 
contained 52 fire tubes. Strain meas- 
urements were taken over a large sur- 
face near the 17.7-in. diam opening, in 
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Fig. 4 Hennes’ test vessel, with plates for separating hoop and longitudinal 


stresses 


the longitudinal and circumferential 
directions, both with and without a noz- 
zle riveted to the opening, using a mir- 
ror-type tensometer; results were dis- 
plaved graphically by isometric charts 
that 
acteristic rise in strain near the edge 


indicated very clearly the char- 


of the opening. However, the influence 
of the fire tubes, the riveted collar around 
the opening, and the neighboring drum 
head, were all disturbing in the extreme, 
and no attempt was made to generalize 
the test results or draw quantitative 
conclusions 

The specially-designed vessel (part B) 
27.6 in. in diam with 0.44-in. wall 
and about 7'/. ft long, and 
was designed with an ingenious method 


thir kness 


for securing pure longitudinal tension, 
pure hoop tension, or both, in the vessel 

The illustrated in 
1, consisted of two floating plates, 


wall arrangement, 
Fig 
acting as pistons, inserted in the vessel 
near each end and held at a fixed dis- 
tance from each other by six tie rods. 
This divided the vessel into three com- 
and by pressurizing various 
combinations of these sections, it was in- 
tended that the three kinds of loading 
effected. Unfortunately, the 
packing around the plates leaked to 
such an extent that pure longitudinal 
stresses could not be obtained. 

The vessel was first tested without 
any pressure range 
from zero to 213 psi; strains were meas- 
ured at twenty-one stations ering the 
entire length of the vessel, with eight 
test points at each station covering a 
third of the circumference. At the 
mid-length, where the openings were 


partments, 


could he 


openings, over & 


later located, readings were taken 
around the entire circumference. Hug- 
genberger tensometers were used 


throughout. The stresses computed 
from these observations agreed fairly 
well with the theoretical values, but 
there was a wide scatter among indi- 
vidual readings which the author at- 
tributed to out-of-roundness of the 
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shell; his conclusions were partially 
substantiated by measurements taken 


fourth and one-half way through to- 
wards the inside; from these, values for 
the stress around the opening, at the 
middle surface and at the inside, were 
derived by straight-line extrapolation. 
The results point emphatically to the 
large part played by bending stresses in 
the immediate neighborhood of the hole, 
and particularly at the inside edge on 
the longitudinal axis, where the result- 
ant of membrane and bending stresses 
reached a maximum. This led the 
author to conclude that the best rein- 
forcement should consist of a gradual! 
increase of the wall thickness on the in- 
side of the vessel, tapering from ¢ at a 
point distant d from the hole center to 
2.5 t at the hole edge (¢ = unreinforced 
wall thickness, d = hole diameter) but 
in no case to have less added area of 
cross section than that of the material 
removed. A summary of stress indices 
for the four openings follows: 


on longitudinal aris 


Stress inder 
at Point of maz 


stress on outside, 


Middle measured from 

Opening Outside surface Inside transverse axis 
Small circle 2.70 3.92, 45 deg 
Small ellipse 2.26 3.80 5.70 1.80, 30 deg 
Large circle 3.55 5.26 6.91 90,45 deg 
Large ellipse 2.38 4.74 7.09 5.80, 30 deg 


around the outside of the vessel wall 
with a special curvature gage equipped 
with a dial indicator. On the whole, 
this part of the test was inconclusive, 
except to show the wide variation in 
test gage readings that can be obtained 
on a cylindrical shell in the as-fabricated 
condition, even after shake-down runs. 
Indirectly, they point out the incom- 
pleteness of a pressure-vessel test in 
which readings are taken on the outer 
surface only; had strain 
gages been available, it would at least 
have been possible to arrive at the ac- 
tual membrane stresses. 

For the remaining tests, an opening 
was cut in the shell wall near its mid- 
length, having the following successive 
dimensions: 3.9-in. diam circular, 3.9- 
x 7-in. elliptical, 7-in. diam circular, and 
7- x 9.3-in. elliptical. Again, readings 
were taken on the outside of the vessel 
over a 24- x 24-in. field surrounding the 
smaller circular opening; this was closed 
by a gasketed plate that was provided 
with a bolt and yoke in the conven- 
tional manner but was actually held in 
place solely by internal pressure. 

The most significant results of the 
whole test program were those obtained 
from the strain readings taken around the 
circumference of the opening. For the 
smallest opening, these were taken on 
the outside only, but for the three other 
openings readings were taken on the 
outside, and also at points around the 
face of the opening approximately one- 


resistance 


W aters—Pressure Vessels 


As would be expected, still higher 
indices were obtained when the nut was 
screwed down on the yoke of the cover 
plate. 

The importance of a study of rein- 
forced openings in with 
power plant piping was pointed up by a 
series of tests reported by Everett and 
McCutchan in 1938'; 
on an 8-in. header made of Schedule SO 
seamless steel pipe, with an 8-in. welded 
branch connection, to determine the ef- 
ficacy of reinforcement by means of a 
collar. Strain-gage readings, using a 
Huggenberger tensometer, were taken 
on one quadrant of the outside surface 
of the unreinforced construction, at fifty 
stations in the neighborhood of the 
weld, at pressures of 98 and 3510 psi. 
From these readings, the magnitudes 
and directions of principal stresses were 
computed, assuming perfect elasticity 
at all points. Runs were also made 
with a lateral load of 8000 Ib at the end 
of the 3-ft long branch, both with and 
without internal pressure. A_ reinforc- 
ing collar, */, in. thick, 2'/, in. wide at 
the crotch and 3'/, in. wide at the flat 
point on the side of the header, was then 
welded on and the tests repeated. The 
result was to reduce the maximum (ap- 
parent) principal stress from 65,700 psi 
to 22,000 psi; this was on the weld be- 
tween header (or collar) and branch, 
about 1'/, in. from the flat point. Ex- 
terior stresses at the crotch were com- 
paratively moderate even without the 


connection 


these were run 
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collar. The observers also noted that 
stresses in the header near the crotch 
were uninfluenced by the collar, but that 
near the flat point the stresses in the 
header just outside the OD of the collar 
were materially greater than before the 
collar was applied. 

Several additional runs were made 
with a test pressure of 5060 psi, and 
finally a test to destruction at 8200 psi, 
which occurred as a characteristic 
tear along the side of the header tangent 
to the outer edge of the collar. The 
observers concluded that the ring-type 
of reinforcement was shown by these 
tests to develop the full strength of the 
uncut pipe. However, they admitted 
that their stress picture was far from 
complete, in that it was restricted to the 
outer surface of the header and branch 
and gave no clue as to the relative values 
of membrane and bending stresses. A 
rough method of 
stresses was suggested: assume that the 


separating these 


membrane stress pattern in the header 
can be represented by the infinite-flat- 
plate-with-a-hole solution, and that 
the difference between this and the ex- 
perimental set of values for the outer 
surface gives the bending stress. The 
application of this method resulted in a 
very high inside stress at the crotch and 
a moderate stress at the flat, which was 
substantiated by the observed flattening 
of the header under high pressure into 
an elliptical cross section with the minor 
axis in line with the branch: this put 
tension on the inside surface at the 
crotch, and compression at the flat. 

In 1940, Siebel and Schwaigerer re- 
ported a study carried out at the ma- 
terials testing laboratory of the Stutt- 
gart Technical Institute for the benefit 
of the German boiler industry." Some 
preliminary tests were first made on 
steel plates 9.95 x 1.18 in. in cross sec- 
tion with a central 1.97-in. diam hole. 
When unreinforced, the stress pattern 
computed from strains measured on 
both sides of the plate with Huggen- 
berger tensometers was much the same 
as predicted by the theory for the in- 
finite flat plate under uniaxial tension. 
But with rings of varying thickness and 
OD and the same ID as the hole, welded 
to one side of the plate only, a great dif- 
ference was noted between the stresses 
on the reinforced and the unreinforced 
sides, amounting in one case to a ratio 
of 1.6:1, and indicating a high degree of 
bending. In view of this, the subse- 
quent tests were made with plates to 
which were welded inserted rings, in 
balanced position, whose proportions 
were based on a theoretical formula 
(derived in the report, but for all- 
around rather than uniaxial tension) 
relating the dimensions of the ring to the 
dimensions of the hole fora given stress- 
concentration factor. For a ring of ap- 
proximately square section, tests showed 
that the stress-concentration factor was 
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reduced to 1.45, and for a thin, long ring 
it apparently dropped below unity. 
The authors of the report warned that 
this value, obtained by strain readings 
at the edge of the hole, was illusive due 
to relaxation of the fibers of the ring 
that were far removed from the plane 
of the plate; they recommended that 
the dimension of the ring parallel to the 
axis of the hole should not exceed four 
times its width in the perpendicular di- 
rection, or alternatively, length not 
greater than (b X d) This is an early 
recognition of the applicability of cyl- 
inder shell theory to the reinforcement 
of openings. 

Some pulsating load tests on plates, 
carried to failure, gave a very poor 
fatigue value to the plate with unrein- 
forced hole; the plate with 88% rein- 
forcement, balanced, was practically 
as good as the solid plate, while the 
plate with 176% reinforcement welded 
to one side of the plate lasted for little 
better than half as many cycles. 

Finally, seven reinforced openings 
with extended branches, and two rein- 
forced manways, in a 39°/s-in. OD, 
1.10-in. wall vessel, were tested at 100 
atmospheres pressure. The openings 
were of various diameters ranging from 
3.86 to 7.99 in.; one manway was el- 
liptical and the other circular. As 
may be seen in Fig. 5, all reinforce- 
ments consisted of inserted rings, bal- 
anced, welded inside and outside, with 
the exception of two ol the branch con- 
nections, one of which had no reinforce- 
ment other than the applicable portion 
of the vessel wall and branch itself and 
was fillet welded to the \ 
side only, while the other had an inside 


essel on the in- 


pad giving 100% reinforcement, on the 
All but one of 
the inserted rings were tapered on the 


area-replacement. basis. 


outside so as to permit butt-welding to 
their respective branch pipes; they were 
calculated 


a presumably using the 
authors’ previously derived formula) to 
give zero to 15% maximum stress rise 
above the nominal values for an uncut 
shell; the manway reinforcements were 
calculated to give 32 to 36% rise. <Ac- 


| 


tually, the test results came surprisingly 
close to the pre dicted figures for the in- 
serted ring reinforcements, although it 
must be remembered that they were ob- 
tained on the outside surface only. 
Both the unreinforced and the inside- 
pad reinforced openings gave high stress 
concentrations, which were located at 
the crotch in the circumferential di- 
rection. 
Transition from Mechanical to 
Electrical Strain Gages 

About this time 


gages came into general use 


resistance strain 
replacing 
the cumbersome and less adaptable 
mechanical gages that had been the 
only practical means for measuring 
One of the early 


uses of these gages in the United States, 


small deformations 


for experimentally determining stresses 
near openings in shells, was reported 
by Schoessow and Kooistra in 1945.! 
No internal pressure was used, and tests 
were for the purpose of investigating the 
effect of external loads at pipe connec- 
effects, 
1ewhat outside the 


tions, rather than reinforcing 
and are therefore sot 
scope ol this review The test model 
consisted of a 56-in ID steel shell, 71 
in. long. made by butt welding two 
semicircular | respectively, 1.30 


and 2.08 in. thick, to which were welded 


two diametrically opposed pipes, each 
OD in. thick, and 90 in. 
long. The two pipes were loaded in 


pression, longituad nal bend- 


tension, con 
ing and transverse bending, and strain 
gage readings taken on the inner and 
outer surtaces of the she overing one 


quadrant around each pipe and extend- 


ing to a radius of 24 in. from the pipe 
axis. The authors made no formal an- 


alysis of their results, but noted that 
the strain gage readings indicated an 


exponential decrement of stress in the 


shell wall with increasing distance from 
the pipe axis, similar to that in a beam 
on an @lastic loundation 


and Kools- 


The names of Schoessow 


tra appear again In 4 pau of 1950 re- 
ports together with two of their as- 
sociates, Brooks and Blaser Koois- 


Fig. 5 Opening reinforcements tested by Siebel and Schwaigerer 
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tra and Blaser tested a number of full- 
size vessels at atmospheric temperature, 
and several '/,) scale models at ele- 
vated temperature, and commented in 
detail on the techniques used, such as: 
use of resistance strain gages, making 
it possible to record strains on the inner 
as well as the outer surface; design of a 
multi-lead leak-proof plug for the lead 
wires running to the inside gages and 
discovery that light lubricating oil is 
adequate as a high-resistance pressur- 
izing medium; design of a balanced 
pulsator for fatigue tests, which when 
coupled to two specimens of the same 
capacity would require only the energy 
necessary to overcome friction, In 
discussing their results, the authors of 
this paper point out that there is no 
significant difference between the en- 
durance limit of room-temperature 
models and elevated-temperature mod- 
els, but that the endurance limit for all 
models tested was well below that of 
It was also noted 
that a slow cycling program, with rest 
periods at maximum and minimum pres- 
sure, was more severe than the con- 
tinuous cycling provided by the pulsa- 
tor. 

Schoessow and Brooks analyzed the 
results of the static tests on the fore 
going specimens, and presented their 
findings in terms of 7, PR for membrane 
load and \// PR? for bending load for 
each head or nozzle opening of a given 
geometry (7 tension per inch of cir- 
cumference, M bending moment per 
inch of circumference, P pressure, 
R inside radius of shell). The first 
of these dimensionless quantities equals 
unity for a cylinder in the circumferen- 
tial direction, and 0.5 for a sphere or 


flat plate specimens 


for a cylinder in the axial direction; the 
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Fig. 6 Typical pipe-line connections 


284-s 


second equals zero unless there are 
discontinuity stresses. Accordingly, 
their deviation from these values indi- 
cates the degree of stress concentration 
for the point at which they apply. The 
major results of this analysis may be 
summarized as in the table below: 


The 1906 drum, whose head is the 
first item in the foregoing table, had 
been in continuous service until 1948, 
had undergone about 75 cycles to 300 
psi pressure (1'/, times operating pres- 
sure) and several thousand cycles to 
200 psi. It showed no ill effects from 


Mac Max 
Item T/PR Location M/PR? Location 

Shallow head with ellip- 5.3 Knuckle of manway 0.043 Knuckle of head on 

tical flued-in manway, on major axis major axis 

1906 
Shallow head with flued- 3.1 Same as above 0.016 Same as above 

in manway, 1950 
2: 1 ellipsoidal head with 1.3 Adjacent to ring-to- 0.011 Approx. 0.9 of head 


circular manway rein- 


head weld 


diameter 


forced with equal-di- 
lation ring 

Hemispherical thick 
head with unrein- 
foreed circular man- 
way 


1.2 Near 


Inserted straight nozzle, 2 
106°, reinforcement, 
balanced 
Inserted tapered nozzle, 2.04 
115° reinforcement, 
balanced 
Inserted nozzle and in- 1.51 
tegral reinforcing ring, 
reinforcement 194°, axis 


within 2D, 302°; 
total, balanced 

Inserted nozzle and inte- l 
gral reinforcing ring, 
reinforcement 147°; 
within 2D, 380° 
total, balanced 


Elliptical nozzle, 16°, 1.40 
reinforcement, bal- 
anced 


reinforcement 


manway and 0.011 
near skirt 


Outside of ring, on 
circumferential 


Near manway 


06 Edge of hole, on lon- 
gitudinal axis 


Same as above 


Note that over-rein- 
forcement shifts 
the location from 
the edge ‘of the 
hole to a point in 


26 Same as above the shell outside 


the reinforcement 


Edge of hole, on lon- 
gitudinal axis (= 
minor axis of el- 
lipse ) 

Elliptical nozzle, 113°; 119 In shell outside of 

nozzle, on cireum- 

ferential 


axis (= 


major axis of ellipse ) 


SADOLE REINFORCEMENT 
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corrosion and was apparently in good 
shape for continued service. Exami- 
nation of the 7/PR and M/PR? plots 
showed that local areas of the head 
had undergone a stress range of slightly 
over twice the yield point of the mate- 
rial; this, in the authors’ opinion, ap- 
pears to be satisfactory for boiler drums 
made of mild steel. 
Ship Structure Research 

The ship-building industry has spent 
much time and effort in a study of notch 
effects and stress concentrations in the 
welded-hull structure of sea-going ves- 
sels, with the aim of eliminating the 
likelihood of structural failure under all 
conditions of service. Some of this 
work has extended into the proper de- 
sign of openings, and a representative 
paper dealing with investigations in this 
field appeared in 1951 under the author- 
ship of Vasarhelyi and Hechtman.” A 
series of tests was performed on '/;-in. 
steel plates to determine the effect of 
round, square and square-with-rounded- 
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corners openings, with and _ without 
reinforcement, under the sponsorship 
of the Bureau of Ships, United States 
Navy. The plates were 36 in. wide and 
7 ft long between pulling heads, and 
were tested uncut, and with central 
circular holes of 9 in. diam and square 
holes 9 x 9 in. with corner radii of 
1/50, and 1'/, in. Reinforcement 
was obtained either by ‘face bars” 
(the equivalent of short lengths of pipe 
extending equal distances beyond each 
side of the plate) fillet-welded on both 
sides, by a single doubler plate fillet 
welded to the main plate at the OD and 
edge welded at the ID, or by an inserted 
plate butt-welded or fillet-welded to the 
main plate. 

The results are graphed and tabulated 
in an unconventional manner. Instead 
of giving stress-concentration factors for 
purely elastic conditions, the investiga- 
tors have assumed that better criteria of 
service performance could be obtained 
by relating the yield strength, ultimate 
strength and energy-absorption-to-fail- 
ure of the specimens with openings to 
the corresponding properties of the solid 
plates. Since these properties all in- 
volve plastic yielding across a part or 
all of the cross section of a plate, they 
give totally different numerical ratios 
from those normally associated with a 
factor. For ex- 
ample, the plate with the unreinforced 
circular hole would give a stress-concen- 


stress-concentration 


tration factor of approximately 3 under 
fully elastic conditions, yet the ultimate 
strength of this plate actually turned 
out to be no less than that of the uncut 
plate (using the original net area in both 
On the other hand, strain en- 
ergies to fracture were greatly impaired 


cases). 


by all the openings, whether reinforced 
or not; the best value obtained on any 
of the tests was a ratio of 26%, for a 
9-in. round hole reinforced with a 9- 
x 18- x '/,-in. doubler plate (102% rein- 
forcement, including weld metal). Some 
of the significant 
(1) ultimate strength of plates with 
openings ranged from 75 to 100% of 
that of the solid plates, being best for 
the round openings and decreasing lin- 
early with log R,/Ry for the square 
plates, where R, = half width of square 
and Ry = corner radius; (2) the cor- 
responding range for energy absorption 
was 9 to 26 percent, with a similar re- 
lation to log R,/Ry:; (3) increase in rein- 
forcement improved the ultimate load 


conclusions were: 


capacity but decreased the ultimate 
strength. Although numerous strain- 
gage readings were taken in the direc- 
tion of the load in the neighborhood of 
the openings, these were not empha- 
sized in the report except to show by 
graphs how the strain rose from a low 
value at the edge of the plate to a high 
value at the edge of the hole, with an ad- 
ditional peak, in the case of the open- 
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ings with doubler plates, at the outer 
edge of the latter. 

This investigation calls to mind a 
somewhat similar series of tests reported 
in a NACA Technical Note by Ruffner 
and Schmidt,” in which photoelastic 
models of plates with holes of various 
shapes—circular, square and rectangu- 
lar with rounded corners, unreinforced 
and reinforced with integral doublers 
were examined to determine stress-con- 
centration factors. The results, however, 
are not comparable since the models 
were tested in shear instead of tension. 
It is interesting to note that the cir- 
cular cutouts gave the best performance; 
also that the square cutouts were less 
objectionable stress raisers if set with 
diagonals, rather than sides, parallel 
and perpendicular to the sides of the 
plate. 

The design of the penstocks for the 
hydroelectric plant at Boulder Dam, for 
which Hollister acted as consultant,’® 
involved the careful study 
special openings of large size and un- 
usual shape, 30- x 13-ft branches, 2- 
all of 
which had acute angles between branch 


of stresses in 


and 3-way reducing wyes, ete. 


and header and would not be considered 
as having any close connection with con- 
ventional pressure-vessel design. Elabo- 
rate investigations were made, rang- 
ing all the way from photoelastic tests of 
plates with holes to photoelastic tests 
of model headers with branches and 
phy sical tests of scaled-down steel ves- 
sels, and including considerable mathe- 
matical analysis. To determine the 
best manway design, twenty photoelas- 
tic models were tested, giving stress- 
concentration factors at the edge of the 
hole on the longitudinal axis of 1.0 to 
T 


ie final design comprised a 
16- x 20-in. elliptical opening, reinforced 
with a diamond-shaped pad on the out- 
side, roughly 3 x 4 ft across corners, 
and an elliptical pad of comparable size 
tapered grad- 
ually from full thickness next the open- 
ing to zero at the outside 


on the inside: both pads 


A by-product of the foregoing photo- 
elastic studies, worth mentioning here, 
is a formula derived by Hollister and 
Schoessow'® for the stress concentration 
caused by a hole of diameter d in a plate 
of width W; stress-concentration factor, 
based on net section of plate, = 3 


1.6 (8W/d)** 
for W/d from 1.5 to 8: 
1100 


for W/d greater than 8, 
value of 3 holds true. 


the classical 


Recent Developments; 
Transmission Pipe-Line Research 
British investigators have shown an 
interest in 
research during the past decade, a good 
share of which has been directed to- 
wards a better understanding of con- 
ditions around openings. 


increasing yressure-vessel 
| 


A concise re- 
view of this activity, as of 1954, is con- 
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tained in an article by Gross” in the 
British Welding Journal After a brief 
résumé of testing methods and theoret- 
ical background, he mentions some of 
the pressure-vessel tests in Great Brit- 
ain subsequent to 1946, noting that the 
first of these were on drumheads with 
and without manholes and confirmed 
the results of Siebel’s tests: the preva- 
lence of high bending stresses along with 
membrane stresses in the region of the 
opening is pointed out, and the suggestion 
made that the factor of safet for the 
that for the 
latter. Coming to the topic of open- 


former be made one-half of 


ings in the cylindrical portion of ves- 
sels, Gross describes major experi- 
mental program carried out in 1946 and 
1947 at the Babeock and Wilcox, Ltd., 
plant, in which three 12-in. ID nozzles 
with 15/,-, 1- and -in. wall thickness, 
welded to a 42-in. diam header, were 


tested under static pressure conditions, 
with strain gages attached to header 
wall and nozzle, both inside and out- 
side, along the two 
The discrep: 


outside gage readings at the sar 


lines of symmetry. 
ney between inside and 


lic loca- 


tion showed that high bending 


existed close to tl! 


stresses 


i that while 
an increase in nozzle | thickness 
helped somewhat to reduce the maxi- 
mum over-all occurred on 
did little if 


mitigate the bending com- 


stress (whic! 
the inside at the crotch) it 
anything to 


ponent With regar« 


} 


ranches in 


pipelines, the article makes the point 
that here the analogy with the hole in a 
flat plate fails to hold true, due to the 
large size of the openings in relation to 


the header diameter; there are also sec- 


ondary effects such as the tendency to 
bulge outwards on the unsupported 
sides, exemplified most forcefully by the 
tee connectio! th branch diameter 


equal to that of the header \ brief 


account given Of a irrent research 
program of the British Welding Re- 
search Association (BWRA the first 
stage of which concerns the general 
efficacy of welding tees formed bv ex- 
truding the side opening from a straight 
run of pipe. Here again there are high 


bending stresses and a high factor of 
stress concentration i the 

1 with the nominal 
stress in a straight pipe of equal wall 
thickness; 


maximum 


stress Is compare 


however, this would nor- 
mally be reduced to a workable figure by 
using such a tee with pipe of much less 
wall thickness in the run and branch. 

In another article appearing a year 
later,2! Carlson and McKean discuss 
three topics related to pressure-vessel 
design: (a) experimental evidence that 
stresses due to out-of-roundness of a 
be accurately predicted by 
Haigh’s analysis (this has also been up- 
permost in some of the BWRA research) ; 
(b) correlation of strain-gage readings 
on drumheads with computations by the 
beam-on-elastic-foundation analogy; (c) 


shell may 
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stress concentrations caused by elliptical 
manholes in drumheads. In this last 
section, the authors report the results 
of tests on fourteen vessels, twelve of 
which had conventional flanged-in el- 
liptical manholes, while the remaining 
two had manholes reinforced on the 
outside with fillet-welded rings giving 64 
and 100° reinforcement, respectively. 
All but two of the openings had a 4:3 
ratio of major to minor axis, and the 
heads varied in depth and wall thick- 
ness. In almost all cases, the point of 
maximum stress concentration occurred 
at the edge of the hole, on the outside 
surface and on the major axis, the only 
exception being the 100° reinforced 
manhole where the pot was moved to 
the outer edge of the reinforcing ring, 
and the maximum stress was radial in- 
stead of circumferential. Stress indices 
ranged from 7.80 for the shallowest head 


h D = 0.12) with flanged-in manhole, 
to 1.58 for the fully-réinforced manhole 
in a head having h D = 0.31. These 


values were computed on a maximum- 
shear-strain-energy basis; the corre- 
sponding indices figured on the more 
customary maximum-normal-stress basis 
are slightlv lower. 

The BWRA research program pre- 
viously referred to is a continuing ac- 
tivitv, and under the direction of its 
FE.12 Committee on Stresses in Welded 
Pressure Vessels is directing much at- 
tention to the problem of openings. 
Most of the reports of this committee 
ire available to members of the Associa- 
tion only, but it may be stated that thus 
far, tests of nozzles on a 42-in, diam ves- 
se! indicate that balanced reinforcement 
is advantageous from a stress stand- 
point. The program also includes pul- 
sating pressure as well as static tests, 
ind tests of header-bran h connections 
with a 1:1 diameter ratio. 

The tremendous increase in long-dis- 
tance pipe lines for oil and gas since 
World War II has brought into sharp 
focus the problem of design of openings, 
particularly with reference to branches 
taking off from main lines or headers, 
where field-welded connections are the 
accepted type, made either during con- 
struction of the line or later under hot- 
tap conditions. Figure 6 illustrates four 
types of connection in common use. 
Recognizing the need for study in this 
field, five major gas companies spon- 
sored a program at Battelle Memorial 
Institute beginning early in 1951 and 
continuing until late in 1955, with some 
changes in organization that finally 
brought in the American Gas Associa- 
tion as primary sponsor. 

The program falls naturally into three 
divisions: Part I covers static tests 
on unreinforeced branch-to-header con- 
nections: Part Il continues with static 
tests on reinforced connections; and 
Part III, which was conducted by Tube 
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Turns as part of another program, com- 
prises a series of pulsating load tests. 

In Part I, some strain-gage measure- 
ments were first made on seven branch 
connections in the field, as a prelimi- 
nary guide to the kind of loading that 
might be expected on a typical under- 
ground branch close to the header. 
This was followed by the main portion 
of the work, which consisted of strain- 
gage tests on three sizes of branch con- 
nections (4in. Schedule 40, 12 in. Sched- 
ule 20, and 24 in. x 0.321 wall API 
5LX specification pipe) welded to a 24- 
in. header of the same wall thickness 
and specifications as the 24-in. branch. 
Readings were taken with rosette gages, 
so as to determine principal stress mag- 
nitudes and directions, on the branch, 
along the zero degree line (formed by 
the plane normal to the header axis), 
the 90-deg line (formed by the plane con- 
taining the header axis), and on one or 
more intermediate lines (usually 30 and 
60-deg) as experience dictated. These 
gage lines were continued on the sur- 
face of the header as helices having 0, 
30, 60, ete., degree lead angle, and ex- 
tending far enough from the weld line 
to determine the extent of the region 
affected by the opening. Loading con- 
sisted of internal pressure, and bending 
applied to the branches in the axial and 
transverse directions. No gages were 
placed on the inner surfaces of the speci- 
mens. 

It was found, first of all, that the re- 
gion of high stress was confined to a 
narrow band close to the weld line, and 
dropped to the nominal! value for uncut 
pipe within one branch diameter from 
the weld. Secondly, the maximum 
stress increased with increasing branch- 
to-header diameter ratio. Finally, the 
maximum stress, for loading by internal 
pressure, was on the zero degree line at 
the branch side of the weld and on the 
24- x 24-in. specimen, reaching a value 
of five times nominal hoop stress in the 
header. The other two specimens 
reached maxima of about 1.6 to 2.4 times 
nominal, with no characteristic varia- 
tion around the weld from 0 to 90-deg. 
The transverse bending tests gave 
much higher maxima: 6.5 times nom- 
inal bending stress in branch for the 
4- x 24-in. specimen, up to 12.3 times 
nominal for the 24- x 24-in. combi- 
nation; the maxima for axial bending 
were not significantly higher than those 
for internal pressure. 

After the strain-gage tests, all speci- 
mens were pressurized to destruction. 
The bursting pressure for the 4 x 24-in. 
connection was substantially that which 
would be predicted for the uncut pipe, 
while for the 24- x 24-in. specimen it 
dropped no lower than 85%, indicating 
the vast difference in stress distribution 
before and after yielding takes place. 

In Part Il a much more comprehen- 
sive program was undertaken, using 
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three vessels (4-, 8- and 12-in. branch x 
24-in. run) with saddle reinforcement 
fillet welded to the pipes at each edge, 
three vessels of the same dimensions 
with pad reinforcement welded at in- 
side and outside edges of the pad, and 
one 12- x 24-in. diam specimen with a 
full encirclement sleeve split on the 
3 o’clock and 9 o’clock planes, the two 
halves being butt welded together and 
the upper half containing the opening 
for the branch being welded at that 
point to the branch and header. In all 
cases the reinforcement was superposed 
on an unreinforced welded joint between 
branch and header like that used in 
Part I, and met the ASA requirements 
on an area-replacement basis. Internal 
pressure and bending loads were ap- 
plied as in Part I, and the report of these 
tests gives a very complete summary of 
the maximum 
tained on each helix angle, together with 
their location on each helical line, and 
their direction. It should be noted that 
internal gages, as well as external, were 
used in these tests; however, they were 
only single-element units and 
placed only at the 0 and 90-deg gage lines 
where the directions of the principal! 
stresses could be taken for granted. 
Water was used for pressurizing the 
vessels, as in Part I; special precau- 
tions were taken to insulate the inter- 
nal circuits, apparently with good suc- 
cess. 

A second run was made with the 
sleeve-reinforced vessel, after _ fillet 
welding the sleeve to the header at its 
free edges, but no significant improve- 
ment was recorded. All vessels were 
also given a high-pressure test designed 
to produce a nominal stress in the header 
of 90% of minimum specified yield 
strength; this developed appreciable 
local yielding in the 12- x 24-in. speci- 
mens but very little in any of the 
others. The report of this part of the 
program records these major findings, 
for loading under internal pressure: (a) 
The three types of reinforcement gave 
maximum stresses in the following de- 
scending order of magnitude: saddle, 
pad, sleeve. (b) All reinforcements de- 
veloped maximum stresses lower than 
those for the corresponding unreinforced 
connections, with one exception which 
may be explained on the basis of a 
(probably) high stress on the inner sur- 
face that was not measured. (c) The 
effect of branch-to-header diameter ratio 
was of the same type as for the unrein- 
forced connections. (d) For the pad 
and the sleeve reinforcements, the max- 
imum stress is circumferential, and on 
the header; this latter is also the 
location of the maximum stress for the 
saddle reinforcements. (e) A good 
fit-up and close clearance between rein- 
forcement and pipe wall is essential in 
keeping stresses to a minimum. 

Part III of the AGA program com- 


principal stresses ob- 
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prised a pressure-pulsation test to fail- 
ure of the seven vessels of Part LI, car- 
ried out at the Louisville, Kentucky 
plant of Tube Turns, and may best be 
described as Series IT of the Tube Turns 
program. Briefly, this program was in- 
tended to furnish data for the improve- 
ment of branch connections to headers, 
using cyclic pressure and bending tests 
on welded connections of several pro- 
posed designs. The pulsating pressure 
tests were performed on a section of 
22-in. diam x °/j¢-in. 
welded pipe, and on eleven variations 
of branch connection ranging from the 
typical unreinforced joint to butt-weld- 
ing forged tees and manifold fittings 
with extruded outlets for butt welding 
to branch pipes. 


wall rolled-and- 


For convenience, the 
assemblies were grouped in three series, 
and in all but a few cases were tested 
to failure. 


After testing, an average 
life of the saddle-reinforced as- 
semblies was figured out. Taking this 
as a standard, the cyclic lives of the 
other designs were assigned a relative 
value and arranged (in the Tube Turns 
report) in descending order of merit. 
Naturally, the uncut pipe stands at the 
top of the list and the unreinforced con- 
nection at the bottom. The pad and 
the encirclement sleeve designs rated 
about the same as the saddle. Of the 
other types, the butt-welding tee, the 
full-encirclement saddle, the plain en- 
circlement sleeve combined with a plain 
saddle, and the manifold with extruded 
outlets, gave the best performance and 
were to all intents the equivalent of un- 
cut pipe in endurance. The authors 
of the test report noted that, where 
strain-gage readings 
they gave an accurate prediction of the 
location of failure in a cyclic pressure 
test; in other words, static strain-gage 
tests and cyclic pressure tests to failure 
are correlatable. On the other hand, all 
the fabricated connections used in the 
tests were over 100 percent reinforced 
according to the ASA Code for Pressure 
Piping rules and were presumably equal 
to uncut pipe in static strength, yet 
there was no relation between amount of 
reinforcement and cyclic life. 

Another investigation of somewhat 
similar pipe assemblies was reported by 
Barkow and Huseby in 1955. In Part 
I, which is that portion of the research 
of most interest here, a study was 
made of the stress pattern and bursting 
strength of field-welded header-to-branch 
connections reinforced with collar, saddle 
and full-encirclement sleeve. Six as- 
semblies were tested; all except No. 6 
(the full-encirclement sleeve) showed a 
high stress in the header at the toe of 
the fillet weld to collar or saddle, on the 
zero degree line, and the three that 
showed the highest stress at this point 
failed at the same point in the burst 
test. 
the full strength of uncut pipe in the 


were available, 


However, all but one developed 
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burst test, confirming that the saddle 
or collar reinforcements are adequate for 
static loads. 
Conclusion 

Clearly, it is impossible in a review of 
this scope to comment on all of the ex- 
theoretical work on 
pressure-vessel openings that has been 
1930. Doubtless a 
amount of it is confiden- 
tial and remains the private property of 


perimental and 
carried out since 


considerable 


pressure-vessel manufacturers and users 
The researches that have been included 
here are set forth in detail in readily 
available publications, and are listed in 
the appended bibliography. 

It is evident that much work has been 
but that much has still to be ac- 
We know that, as far as 
theory is concerned, the two-dimensional 


done 
complished 
flat plate approach is only a guidepost 
and should be supplemented by three- 
dimensional solutions that will fit con- 
ventional openings and connections on 
the side cylindrical shells. 
Furthermore, such solutions must be in 


walls of 


a form that designers and code-making 
On the 


mass ol 


bodies can understand and use. 
experimental side, there is a 
uncorrelated data, obtained by research- 
ers interested only in a particular appli- 
cation, and therefore only of value in a 
limited field. Certain qualitative re- 
sults are common to all tests: the region 
of disturbed stress is confined roughly 
to a circle of twice the diameter of the 
opening; the stress index increases as the 
ratio of opening-to-vessel diameter in- 
creases: the effectiveness of reinforce- 
ment is enhanced by its closeness to the 
edge of the opening; there is danger of 
high stress at the outer edge of a pad or 
saddle; all these are 
facts. 
accurate numerical value for the stress 


well established 


It remains to find a reasonably 


rise caused by openings, either unrein- 
forced, or with any one of a few con- 
ventional types of reinforcement, such 
as the group of four shown in Fig. 7, 
which are representative of configura- 


tions now being studied by the Pressure 
Vessel This, to- 
gether with an extension of the theoret- 


research Committee. 
ical approach and the correlation of 
theory and experiment, is the present 
aim of the Committee, working through 
the Subcommittee on Reinforcement of 
Openings of its Design Division. 

To carry out this program, research 
is being supported at the University of 
I linois, University 
and Yale 
toelastic 


models of 


Pennsylvania State 
University At 


tests are under wa 


llinois, pho- 
on scale 
spherical vessels with at- 
tached nozzles having various shapes of 
reinforcement; many of these are of 
particular interest to 
Ships of the United States Navy, and 


specific 


the Bureau of 


have been designed to meet 


problems of that service. Full-size 
steel welded-on 
are being tested at Pennsylvania State, 
ile at Yale, photoelasti 
ngs in flat plates are in 


vessels with branches 


studies of 


progress, t wether with dey elopment 


of theory which aims to take full ac- 
count of the three-dimensional nature of 


the problem 
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WELDING CLINIC 


J. lmperati and R. F. Pulver, Welding Engineers 
The American Brass Company, Waterbury, Conn. 


Low-Fuming Rod meets production line needs at Simmons Company 


Many articles of steel in widespread use 
are, or can be, assembled at low cost by 
oxyacetylene braze welding. Where welds 
must be made inside a confined space, 
however, or where there are many weld- 


The steel tube frame of a Simmons lounge chair 
being assembled by braze welding with Ana- 
conda-997 (Low Fuming) Bronze Welding Rod. 
It requires 16 welds with a minimum of welding 
time. (Insert) The finished chair. 


ing stations along the assembly line, 
fuming can become a serious matter. 

In plant after plant, the problem has 
been overcome by the use of Anaconda- 
997 Bronze Welding Rod. Its low-fum- 
ing characteristics make normal ventila- 
tion facilities adequate for the job. And 
its acceptance by weldors has been 
excellent. 


Thus Anaconda-997 (Low Fuming) 
Bronze Welding Rod makes it possible 
to realize fully the advantages of braze 
welding under all production conditions. 
It offers the low temperature of applica- 
tion, excellent control, and the simplicity 
of joint and fixture design needed for 
efficient production. As the low tempera- 
tures do not melt the steel, the weld 
metal is very easily controlled, and there 
is no need for skilled manipulation of 
welding rod and flame, as in fusion 
welding. In addition, there is less ten- 
dency to distort the work because of the 
low temperatures used and the ductility 
of the weld metal. 


SIMPLE FIXTURE DESIGN. In most cases the 
joints are of such size that they can be 
made in a single step by heating from 
one side only. This simplifies fixture de- 
sign and reduces handling operations 


SAVINGS IN JOINT PREPARATION. The 
molten braze-welding alloy easily bridges 
the gaps resulting from poor fit-up, 
and readily builds up smooth fillets to 
develop maximum joint strengths. The 
cost of joint preparation is minimized 
since there is no need for extreme care in 
fit-up. 


FLAME FLUXING. A widely used adjunct to 
braze-welding operations isa vapor-flux- 
ing device, installed in the fuel-gas line, 
to supply a small but uniform amount of 
flux through the flame. In this way, the 
joint surfaces are protected from oxida- 
tion just as soon as heating is started, 


A portion of the braze-welding assembly line at Simmons Co., Kenosha, Wisc., a leading producer of 


furniture for institutions, such as steel-framed 


chairs, chests, cabinets, hospital beds, cribs, etc. 


Fuming problems were effectively controlled by use of Anaconda-997 (Low Fuming) Bronze welding rod. 


and the braze-welding operation is ex- 
pedited through complete fluxing, in- 
creased weld fluidity, less tendency to 
fume, and elimination of separate flux 
deposits. 


(Top) Weldor must make some of the 33 welds 
required inside the frame of the Simmons 3- 
drawer chest. Here low-fuming characteristics of 
Anaconda-997 Bronze Welding Rod are vitally 
important. Welding time for frame and drawers 
(4 welds each) is far less than obtained by pre- 
vious methods. (Below) The finished 3-drawer 
chest. 


FREE TECHNICAL ASSISTANCE. most cases 
Anaconda distributors can help you 
select the exact rod you need for your 
job. But if you have special problems, 
Anaconda welding engineers are at your 
service. For a copy of Publication B-13 
with comprehensive information on 
Anaconda Welding Rods and proce- 
dures—or for 
write: The American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ont 


technical assistance 


ANACONDA 
WELDING RODS 
Made by 
The American Brass Company 


For more details, circle No. 84 on Reader Information Card 
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Now... another dramatic advance in electrodes 


from AIR REDUCTION... 
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Over 90% Bonus ! 


This is the extra weld per 
rod you get with the new 
Airco Easyarc Stainless 
steel electrode 


This is what you get with 


the conventional electrode 


NEW LOW-COST ELECTRODE 
FOR STAINLESS STEEL 


New Airco Easyare stainless steel electrodes produce over 

‘ 90% more weld per rod...actually cost 29% less per pound 

: than conventional stainless steel electrodes! 

The new Airco Easyarc stainless steel electrodes equivalent to the type of stainless they weld. 
: are the first powdered-metal electrodes for stain- Restriking is instantaneous. Available in sizes from 
j less steel ever offered! They make possible tremen- 332” to 3/16”. 

i dous savings, opening up possibilities for stainless Order the new Easyarc stainless steel electrodes 
$ use in many new applications. from your nearest Authorized Airco Dealer. Look 


You can weld practically any type of stainless for his name in the classified section of the tele- 
steel with the new series. They are available as phone book under “Welding equipment and sup- 
Easyarc 308, 316, or 347, the designations being plies.” Or call your nearest Airco office. 

Airco will be glad to mail 


Sample fees. Stet Electrodes 


enough for an on-the-job 


trial. Write to Airco today! 


On the west coast — 
Air Reduction Pacific Company 


Air REDUCTION SALES COMPANY Internationally tional 
in Cuba — 
A division of Air Reduction Company, Incorporated "Cuban Air Products Corporation 
So 150 East 42nd Street, New York 17, N. Y. In Canada 


n jada — 
Offices and deolers in Air Reduction Canada Limited 


most principal cities 


Praducts of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding ond cutting equipment, and acetylenic chemiccis * PURECO 
carbon dioxide gaseous, liquid, solid (““DRY-ICE * OHIO medica! gases ond hospite! equipment © NATIONAL CARBIDE — pipeline ocetyicne and calcium 
carbide * COLTON — polyvinyl acetate, alcohols, and other synthetic resins. 


For more details, circle No. 85 on Reader Information Card 
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